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Introducing  premeasured,  premixed  DuoNeb. " 

It's  the  firs^^donly  one-step  dual-therapy  nebulizer  solution 
for  COPCriMlpiproved  efficaq^  over  albuterol  or  ipratropium 
alone — and  no  increased  safety  risk.' 

DuoNeb  is  indicated  for  the  treatment  of  bronchospasm 
associated  with  COPD  in  patients  requiring  more  than  one  I 

bronchodilator.  In  a  12-week  clinical  study,  the  most  common 
adverse  reactions  reported  with  DuoNeb  Inhalation  Solution 
were  chest  pain,  pharyngitis,  diarrhea,  bronchitis,  nausea  and 
leg  cramps. 

Albuterol  sulfete  can  have  a  significant  cardiovascular  effect, 
significant  hypokalemia  and  the  potential  life-threatening 
paradoxical  bronchospasm.  Caution  is  advised  in  patients  with 
convulsive  disorders,  hyperthyroidism,  diabetes  mellitus,  narrow-angle 
glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstruction. 
Co-administration  of  DuoNeb  Inhalation  Solution  and  other 
sympathomimetic  agents  may  increase  the  risk  of  adverse 
cardiovascular  effects. 


uoNeb 

3pium  bromide  and  albuterol  sulfate) 


The  first  and  only  one-step  dual-therapy 
nebulizer  solution  for  COPD. 

Vial  Contains:  0.5  mg  Ipratropium  Bromide 

3.0  mg  Albuterol  Sulfate 

(equivalent  to  2.5  mg  Albuterol  Base) 


Please  see  following  page  for  prescribing  information. 


Circle  1 19  on  product  information  card 


800-755-5560 
www.deyinc.com 
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DuoNeb^" 

(Ipratropium  Bromide  0  5  mg/Albuterol  Sulfate  3.0  mg*) 

Inhalation  Solution 

'Equivalent  to  2.5  mg  albuterol  base 

BRIEF  SUMMARY  Of  PRESCRIBING  INFORMATION 
INDICATIONS  AND  USAGE 

Du -f,i ;  I .  ii'A]  lof  the  treatment  ol  bronctiospasm  associated  with  COPD  in  patients  requiring  morettian 

one  DfoncnoOiiator 
CONTRAINDICATIONS 

DuoNeb  IS  contraindicaled  in  patients  with  a  hislorv  of  hypersensitivity  to  any  of  its  components,  or  to  atropine 
and  Its  derivatives 
WARNINGS 

Paradoiical  Bronchospasm:  In  the  clinical  study  of  DuoNeb.  paradoxical  bronchospasm  was  not  observed 
However  paradoxical  bronchospasm  has  been  observed  with  both  inhaled  ipratropium  bromide  and  albuterol 
products  and  can  be  life-threatening  II  this  occurs,  DuoNeb  should  be  discontinued  immediately  and  alternative 
therapy  instituted 

Do  Not  Eiceed  Recommended  Dose:  Fatalities  nave  been  reported  in  association  with  excessive  use  of  inhaled 
products  containing  sympathomimetic  amines  and  with  the  home  use  of  nebulizers 
Cardiovascular  Eltect;  DuoNeb.  like  other  beta  adrenergic  agonists,  can  produce  a  clinically  significant  cardio- 
vascular eltect  in  some  patients  as  measured  by  pulse  rate,  blood  pressure,  and/or  symptoms  Although  such 
effects  are  uncommon  lor  DuoNeb  at  recommended  doses,  if  they  occur  the  drug  may  need  to  be  discontin- 
ued. In  addition,  beta  agonists  have  been  reported  to  produce  EClj  changes,  such  as  flattening  of  the  T-wave, 
prolongation  of  the  QTc  interval,  and  ST  segment  depression  The  clinical  significance  of  these  findings  is 
unknown.  Therefore.  DuoNeb,  like  other  sympathomimetic  amines,  should  be  used  with  caution  in  patients  with 
cardiovascular  disorders,  especially  coronary  insufficiency,  cardiac  arrhythmias,  and  hypertension. 
Immediate  Hypersensitivity  Reactions:  Immediate  hypersensitivity  reactions  to  albuterol  and/or  ipratropium 
bromide  may  occur  after  the  administration  of  DuoNeb  as  demonstrated  by  rare  cases  of  urticana,  angioedema, 
rash  pruritus,  oropharyngeal  edema,  bronchospasm.  and  anaphylaxis 
PRECAUTIONS 
General 

1  Effects  Seen  with  Sympathomimetic  Druos  As  with  all  products  containing  sympathomimetic  amines. 
DuoNeb  should  be  used  with  caution  in  patients  with  cardiovascular  disorders,  especially  coronary  insufficiency, 
cardiac  arrhythmias,  and  hypertension;  in  pabents  with  convulsive  disorders,  hyperthyroidism,  or  diabetes  mel- 
litus;  and  in  pabents  who  are  unusually  responsive  to  sympathomimetic  amines  Large  doses  of  intravenous 
albuterol  have  been  reported  to  aggravate  pre-exisbng  diabetes  mellitus  and  ketoacidosis  Additionally  p-agomsts 
may  cause  a  decrease  in  serum  potassium  in  some  patients,  possibly  through  intracellular  shunbng  The 
decrease  is  usually  transient,  not  requinng  supplementation 

2  Etiecis  Seen  with  Anticholinergic  Drugs  Due  to  the  presence  ol  ipratropium  bromide  in  DuoNeb,  it  should  be 
used  with  caution  in  patients  with  narrow-angle  glaucoma,  prostatic  hypertrophy  or  bladder-neck  obstniction 

3  Use  in  Hepatic  or  Renal  Diseases  DuoNeb  has  not  been  studied  in  patients  with  hepatic  or  renal  insufficiency 
It  should  be  used  with  caution  in  these  patient  populations. 

Intonnation  lor  Patients 

The  action  of  DuoNeb  should  last  up  to  5  hours  DuoNeb  should  not  be  used  more  trequently  than  recom- 
mended Patients  should  be  instructed  not  to  increase  the  dose  or  frequency  of  DuoNeb  without  consulting  their 
healthcare  provider  If  symptoms  worsen,  patients  should  be  instructed  to  seek  medical  consultation. 
Patients  must  avoid  exposing  their  eyes  to  this  product  as  temporary  papillary  dilation,  blurred  vision,  eye  pain, 
or  precipitation  or  worsening  of  narrow-angle  glaucoma  may  occur,  and  therefore  proper  nebulizer  technique 
should  be  assured,  particularly  if  a  mask  is  used 

If  a  patient  becomes  pregnant  or  begins  nursing  while  on  DuoNeb,  they  should  contact  their  healthcare  provider 
about  use  of  DuoNeb, 

See  the  illustrated  Patient's  Instruction  for  Use  in  the  product  package  Insert 
Drug  Interactions 

AnlichQlmergic  agents  Although  ipratroprum  bromide  is  minimally  absorbed  into  the  systemic  circulation,  there 
is  some  potentiat  for  an  additive  interaction  with  concomitantly  used  anticholinergic  medications.  Caution  is. 
therefore,  advised  in  the  co-administrabon  of  DuoNeb  with  other  drugs  having  anticholinergic  properties 
fl-adreneraic  aoents  Caubon  is  advised  in  the  co-adminislrabon  of  DuoNeb  and  other  sympathomimetic  agents 
due  to  the  increased  risk  ol  adverse  cardiovascular  effects 

p-receotor  blockino  aoents:  These  agents  and  albuterol  sulfate  inhibit  the  effect  of  each  other  (i-receptor  block- 
ing agents  should  be  used  with  caubon  in  patients  with  hyperreacbve  airways,  and  if  used,  relatively  selective  B, 
selective  agents  are  recommended 

Diuretics  The  electrocardiogram  (ECG)  changes  and/or  hypokalemia  that  may  result  from  the  administrabon  of 
hon-potassium  spanng  diuretics  (such  as  loop  or  thiazide  diuretics)  can  be  acutely  worsened  by  |i-agonisls. 
especially  when  the  recommended  dose  of  the  p-agonist  is  exceeded  Although  the  clinical  significance  of  these 
effects  IS  not  known,  caubon  is  advised  m  the  co-administraton  of  p-agonist-containing  drugs,  such  as  DuoNeb. 
with  non-potassium  sparing  diuretics 

Monoamine  oxidase  inhibitors  or  tncvclic  antidepressants  DuoNeb  should  be  administered  with  extreme  cau- 
tion to  pabents  being  treated  with  monoamine  oxidase  inhibitors  or  tricyclic  antidepressants,  or  within  2  weeks 
of  discontinuation  of  such  agents  because  the  action  of  albuterol  sulfate  on  the  cardiovascular  system  may  be 
potentiated 

Carcinogenesis.  Mutagenesis,  Impairment  of  Fertility 

Albuterol  Sulfate:  In  a  2-year  study  in  Sprague-Dawley  rats,  albuterol  sulfate  caused  a  significani  dose-related 
increase  in  the  incidence  of  benign  leiomyomas  of  the  mesovanum  at  and  above  dietary  doses  of  2  mg/kg 
{approximately  equal  to  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m-  basis)  In 
another  study  this  effect  was  blocked  by  the  coadmmistrabon  of  propranolol,  a  non-seleclive  beta-adrenergic 
antagonist. 

In  an  18-month  study  in  CO-1  mice,  albuterol  sullate  showed  no  evidence  of  tumongenicity  at  dietary  doses  up 
to  500  mg/lcg  (approximately  140  times  the  maximum  recommended  daily  inhalabon  dose  for  adults  on  a  mg/m- 
basis)  In  a  22-month  study  in  Golden  hamsters  albuterol  sulfate  showed  no  evidence  of  tumongenicity  at 
dietary  doses  up  to  50  mg/kg  (approximately  20  times  the  maximum  recommended  daily  inhalation  dose  lor 
adults  on  a  mg/m'  basis) 

Albuterol  sulfate  was  not  mutagenic  in  the  Ames  test  or  a  mutation  lest  in  yeast.  Albuterol  sulfate  was  not  clas- 
togenic  in  a  human  peripheral  fymphocyte  assay  or  in  an  AH1  strain  mouse  micronucleous  assay 
Reproduction  studies  in  rats  demonstrated  no  evidence  of  impaired  fertility  at  oral  doses  of  albuterol  sullate  up  to 
50  mg/kg  (approximately  25  bmes  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a  mg/m'  basis) 
lofalrooium  bromide  In  2-year  studies  in  Sprague-Dawley  rats  and  CD-I  mice,  ipratropium  bromide  showed  no 
evidence  of  tumongenicity  at  oral  doses  up  to  6  mg/lio  (approximately  15  times  and  8  bmes  the  maximum  rec- 
ommended daily  inhalation  dose  for  adults  in  rats  and  mice  respectively,  pn  a  mg/m'  basis). 
Ipratropium  bromide  was  not  mutagenic  in  the  Ames  test  and  mouse  dominant  lethal  test.  Ipratropium  bromide 
was  not  clastogenic  in  a  mouse  micronucleous  assay 

A  reprpdudion  study  in  rats  demonstrated  decreased  conception  and  increased  resorptions  when  ipratropium 
bromide  vras  administered  orally  at  a  dose  of  90  mgAg  (approximalely  240  limes  the  maximum  recommended 
daily  inhalation  dose  lor  adults  on  a  mg'm'  basis)  These  ettects  were  not  seen  v/ith  a  dose  ol  50  mg/kg  (approx- 
imately 140  bmes  the  maximum  recpmmended  daily  inhalation  dose  for  adults  on  a  mg/'m-  basis). 
Pregnancy 

nmOGlWC  EFFECTS:  Pregnancy  Cslegory  C 

Albuterol  sulfate  Pregnancy  Category  C  Albuterol  sulfate  has  been  shown  lo  be  teratogenic  in  mice  A  study  in 
CD-t  mice  given  albuterol  sulfate  subcutaneously  showed  cleft  palate  tormabon  in  5  of  111  (4  bW  fetuses  at 
0.25  mg/kQ  (less  than  the  maximum  recommended  daily  inhalation  dose  lor  adults  on  a  nvjinf  basis)  and  in  10 
ol  108  (9.3%)  fetuses  at  2.5  mg/kg  (approximately  equal  to  the  maximum  recommended  daily  inhalation  dose 


lor  adults  on  a  mg/m'  basis)  The  drug  did  not  induce  cleft  palate  foimatlon  wtwn  ailminlstered  subcutaneous- 
ly at  a  dose  of  0.025  mg/kg  (less  Ihan  the  maximum  recommended  daily  Inhalation  dose  for  adults  on  a  mg/m' 
basis)  Clelt  palate  formation  also  occurred  in  22  ol  72  (30  5%)  fetuses  from  females  treated  subcutaneously 
with  2  5  mg/kg  isoproterenol  (positive  control) 

A  reproduction  study  in  Stnde  rabbits  revealed  cranioschisis  in  7  of  19  (37%)  fetuses  when  albuterol  was  admin- 
istered orally  at  a  dose  of  50  mg/kg  (approximately  55  bmes  the  maximum  recommended  daily  inhalation  dose 
for  adults  on  a  mg/m'  basis) 

A  study  in  which  pregnant  rats  were  dosed  with  radiolabeled  albuterol  sullate  demonstrated  that  drug-related 
material  is  transferred  from  the  maternal  circulabon  to  the  letus 

During  woridwide  markebng  expenence.  various  congenital  anomalies,  including  cleft  palate  and  limb  defects, 
have  been  reported  in  the  otfspnng  of  patients  being  treated  with  albuterol  Some  of  the  mothers  were  taking 
multiple  medications  during  their  pregnancies.  Because  no  consistent  pattern  of  defects  can  be  discerned  a  rela- 
tionship between  albuterol  use  and  congenital  anomalies  has  not  been  established 
loratroDium  bromide:  Pregnancy  Category  B.  Reproduction  studies  in  CO-1  mice,  Sprague-Dawley  rats  and  New 
Zealand  rabbits  demonstrated  no  evidence  ol  teratogenicity  at  oral  doses  up  to  10, 100,  and  125  mg/kg,  respec- 
tively (approximalely  15,  270,  and  680  limes  the  maximum  recommended  daily  inhalation  dose  for  adults  on  a 
mg/m-'  basis)  Reproducbon  studies  in  rats  and  rabbits  demonstrated  no  evidence  of  teratogenicity  at  inhalation 
doses  up  to  1  5  and  1  8  mg/kg  respecbvely  (approximately  4  and  10  limes  the  maximum  recommended  daily 
inhalation  dose  for  adults  on  a  mg/m'  basis)  There  are  no  adequate  and  v/ell-controlled  studies  of  the  use  of 
DuoNeb,  albuterol  sulfate,  or  ipratropium  bromide  in  pregnant  v/omen  DuoNeb  should  be  used  during  preg- 
nancy only  if  the  potential  benefit  justifies  the  potential  nsk  to  the  fetus. 
Labor  and  Delivery 

Oral  albuterol  sulfate  has  been  shown  to  delay  preterm  labor  in  some  reports  Because  of  the  potential  of 
albuterol  to  interfere  with  ulenne  contractility,  use  ol  DuoNeb  during  labor  should  be  reslncted  10  those  patients 
in  whom  the  benefits  clearly  outweigh  the  risks 
Nursing  Mothers 

It  IS  not  known  whether  the  components  of  DuoNeb  are  excreted  in  human  milk  Although  lipid-insoluble  qua- 
ternary bases  pass  into  breast  milk,  it  is  unlikely  that  ipratropium  bromide  would  reach  the  infant  to  an  impor- 
tant extent,  especially  when  taken  as  a  nebulized  solution  Because  of  the  potential  tor  tumongenicity  shown  for 
albuterol  sulfate  m  some  animals,  a  decision  should  be  made  whether  to  disconbnue  nursing  or  disconbnue 
DuoNeb,  taking  into  account  the  importance  of  the  drug  to  the  mother 
Pediatric  Use 

The  safety  and  effectiveness  of  DuoNeb  in  patients  below  18  years  of  age  have  not  been  established 
Geriatric  Use 

01  the  total  number  of  subjects  in  clinical  studies  ol  DuoNeb,  62  percent  were  65  and  over  while  1 9  percent  were 
75  and  over  No  overall  differences  in  safety  or  effectiveness  v/ere  observed  between  these  subjects  and  younger 
subjects  and  other  reported  clinical  expenence  has  not  identified  differences  in  responses  between  the  elderfy 
and  younger  patients,  but  greater  sensitivity  ol  some  older  individuals  cannot  be  ojled  out 
ADVERSE  REACTIONS 
Adyerse_reacticin  inform,-iii;;in  ronr^Tinrig  DijoNpr:  v,,!:  ileri'.vd  i.-iini  iht-  IT-r.ee^  i  L.ntrolled  clinical  tnal 


ADVERSE  EVENTS  OCCURRING  IN     1"„0F     1  TREATMENT  GROUPjSl  AND  WHERE  THE 
COMBINATION  TREATMENT  SHOWED  THE  HIGHEST  PERCENTAGE 

Body  System 
COSTART  Term 

Albuterol 
n  (%) 

Ipratropium 
n  (%) 

DuoNeb 
n  (%) 

NUMBER  OF  PATIENTS 

761 

754 

765 

N  (%)  Patients  with  AE 

327  (43.0) 

329  (43.6) 

367  (48.0) 

Boov  AS  A  Whole 

Pain 

8(1.1) 

4  (0.5) 

10(1.3) 

Pain  chest 

11  (1.4) 

14(1.9) 

20  (2.6) 

Digestive 

Diarrhea 

5  (0.7) 

9(1.2) 

14(1.8) 

Dyspepsia 

7(0.9) 

8(1.1) 

10  (1.3) 

Nausea 

7  (0.9) 

6  (0.8) 

11(1.4) 

MuSCULO-SkELETAL 

Cramps  leg 

8(1.1) 

6  (0.8) 

11  (1.4) 

Respiratohy 

Brorichitis 

11  (1.4) 

13(1.7) 

13(1.7) 

Lung  Disease 

36  (4.7) 

34  (4.5) 

49(6.4) 

Pharyngitis 

27  (3.5) 

27  (3.6) 

34  (4.4) 

Pneumonia 

7  (0.9) 

8(1.1) 

10(1.3) 

UnOGEMTAL 

Infection  urinary  tract 

3  (0.4) 

9(1.2) 

12(16) 

Additional  adverse  reactions  reported  in  more  than  1%  of  patients  treated  with  DupNeb  included  consbpation 
and  voice  alterations 

In  the  clinical  trial,  there  was  a  03%  incidence  ol  possible  allergic-type  reactions,  including  skin  rash,  pnjritus. 
and  urticaria 

Additional  information  denved  from  the  published  literature  on  the  use  of  albuterol  sulfate  and  ipratropium  bro- 
mide singly  or  in  combination  includes  precipitation  or  v/orsenmg  ol  narrow-angle  glaucoma,  acute  eye  pam. 
blurred  vision,  paradoxical  bronchospasm,  wheezing,  exacert)ation  of  COPO  symptoms,  drowsiness,  aching, 
flushing,  upper  respiratory  trad  intection,  palpitations,  taste  perversion,  elevated  heart  rale,  sinusitis,  back  pain 
and  sore  throat 

DOSAGE  AND  ADMINISTRATION 

The  recommended  dose  of  DuoNeb  is  one  3  mL  vial  administered  4  bmes  per  day  via  nebulizabon  with  up  to 
2  additional  3  ml  doses  allowed  per  day  d  needed  Safety  and  efficacy  of  additional  doses  or  increased  fre- 
quency of  administration  ol  DuoNeb  beyond  these  guidelines  has  not  been  studied  and  the  safety  and  efficacy 
ol  extra  doses  ol  albuterol  sulfate  or  ipratropium  bromide  in  addition  to  the  recommended  doses  of  DuoNeb 
have  not  been  studied 

The  use  of  DuoNeb  can  be  conbnued  as  medically  indicated  to  conlrol  recurnng  bouts  ol  bronchospasm  If  a 
previously  ettecbve  regimen  tails  lo  provide  the  usual  relief  medical  advice  should  be  sought  immediately,  as 
this  IS  often  a  sign  of  worsening  COPD,  which  would  require  reassessment  ot  therapy 
A  Pan-LC-Plus™  nebulizer  (with  lace  mask  or  mouthpiece)  connected  to  a  PRONEB™  compresspr  was  used  lo 
deliver  DuoNeb  to  each  patieni  in  one  US  clinical  study  the  safety  and  efficacy  of  DuoNeb  delivered  by  other 
nebulizers  and  compressors  have  not  been  established, 

DuoNeb  should  be  administered  via  jet  nebulizer  connected  to  an  air  compressor  with  an  adequate  air  flow, 
equipped  with  a  mouthpiece  or  suitable  face  mask 
HOW  SUPPLIED 

OuofJeb  IS  supplied  as  a  3-mL  stenle  solution  for  nebulizabon  in  stenle  low-density  polyethylene  unit-dose  vials. 
Cards  of  hve  vials  are  placed  into  a  foil  pouch  Supplied  in  cartons  as  listed  below. 

NOC  49502-672-30  30  vials  per  carton 

NDC  49502-672-60  60  vials  per  carton 

Store  behiveen  2°C  and  25°C  (36°F  and  77°F).  Protect  from  light. 


OEY,  Napa.  CA  94558 


03-485-21(BRS) 


May  2001 


1.  Gross  N.  Tashkin  D.  Miller  R,  et  a1  Inhalation  by  nebulizalion  of  albuterol-ipratropium 
combination  (Oey  combination)  ts  superior  to  eittier  agent  alone  m  the  treatment  ot  chron- 
ic obstructive  pulmonary  disease  Respiration.  1998;65;354-362 
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Earn  Continuing  Education 
.  Credits  TODAY 


and  Save  Time  and  Money  with  CRCE  Online! 


We  know  how  valuable  your  time  can  be.  With  the  hectic  schedules  of  today's 
professionals,  finding  time  for  top  quality  education  can  be  a  challenge.  But  not 
anymore!  CRCE  Online  offers  the  most  convenient  way  to  obtain  your  CE  credits. 
CRCE  Online  provides  the  best  online  continuing  education  by  offering: 


•  Highest  Quality  -  Top  Industry  Presenters 

•  Classroom-Type  Experience 

•  Flexibility  and  Convenience 

•  Certificate  of  Completion 


•  Instant  Results 

•  Technical  Support  -  24/7 

•  Course  Options:  Multimedia  or  Read-and-l.earn 

•  Simple  Registration  Process 


For  More  Information  on  courses  offered 
or  how  to  register,  visit  our  website 
www.aarc.org  or  call  us  at  972-243-2272. 
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pulse  oximet:er 

breaktihrough  solutions 
through  radical  thinking 

radical  as  a  st:andalane  pulse  oximefcer 


radical  as  a  handheld  pulse  oximeter 


radical  \A/it:h 
SatShare'  as 
an  upgrade  to 
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Thunderstorm  Outflows  Preceding  Epidemics  of  .\sthma  During 
Spring  and  Summer — Marks  GB.  Colquhoun  JR.  Girgis  ST.  Koski  MH, 
Treloar  AB.  Hansen  P.  et  al.  Thorax  200h56(6):468-471, 

BACKGROUND:  A  study  was  undertaken  to  assess  the  importance  of 
thunderstorms  as  a  cause  of  epidemics  of  asthma  exacerbations  and  to 
investigate  the  underlying  mechanism.  METHODS:  A  case  control  study 
was  performed  in  six  towns  in  south  eastern  Australia.  Epidemic  case 
days  ( n  =  48 )  and  a  random  sample  of  control  days  ( n  =  191)  were 
identified  by  reference  to  the  difference  between  the  observed  and  ex- 
pected number  of  emergency  department  attendances  for  asthma.  The 
occurrence  of  thunderstorms,  their  associated  outflows  and  cold  fronts 
were  ascertained,  blind  to  case  status,  for  each  of  these  days.  In  addition, 
the  relation  of  hourly  pollen  counts  to  automatic  weather  station  data  was 
examined  in  detail  for  the  period  around  one  severe  epidemic  of  asthma 
exacerbations.  The  main  outcome  measure  was  the  number  of  epidemics 
of  asthma  exacerbations.  RESULTS:  Thunderstorm  outllows  were  de- 
lected on  339r  of  epidemic  days  and  only  3'*  of  control  days  (odds  ratio 
15.0.  959r  confidence  interval  6.0  to  37.6).  The  association  was  strongest 
in  late  spring  and  summer.  Detailed  examination  of  one  severe  epidemic 
showed  that  its  onset  coincided  with  the  arrival  of  the  thunderstorm 
outflow  and  a  4-12  fold  increase  in  the  ambient  concentration  of  grass 
pollen  grains.  CONCLUSIONS:  These  findings  arc  consistent  with  the 
hypothesis  lh.it  some  epidemics  of  exacerbations  of  asthma  are  caused  by 


high  concentrations  of  allergenic  particles  produced  by  an  outflow  of 
colder  air.  associated  w  ith  the  downdraughl  from  a  thunderstorm,  sweep- 
ing up  pollen  grains  and  panicles  and  then  concentrating  them  in  a 
shallow  band  of  air  at  ground  level.  This  is  a  common  cause  of  exacer- 
bations of  asthma  during  the  pollen  season. 

Prevalence  of  I  nlreated  Asthma  in  a  Population  .Sample  of  6000 
Older  Adults  in  Bristol,  IK— Dow  L.  Fowler  I  .  Phelps  L.  Walcis  k. 
Coggon  D.  Kinmonth  AL.  Holgate  ST.  Thorax  20()l;56(6):472-476. 

BACKGROUND:  A  study  was  undertaken  to  estimate  the  prevalence  of 
untreated  asthma  in  older  adults.  METHODS:  A  cross  sectional  popula- 
tion based  survey  of  6000  men  and  women  aged  65  years  and  over  was 
performed  in  21  general  practices  in  north  Bristol,  south  west  England. 
The  main  outcome  measure  was  untreated  asthma  as  dellncd  by  a  two 
stage  process  comprising  a  respiratory  questionnaire  (symptoms  sugges- 
tive of  asthma  or  doctor  diagnosed  asthma  not  receiving  respiratory 
treatment)  followed  by  lung  function  tests  (significant  reversibililv  fol- 
lowing bronchodilators  or  corticosteroids  and/or  significant  within  day 
variability  in  peak  expiratory  flow).  RESULTS:  4792  of  the  6000  par- 
ticipants (80<rr)  completed  the  respiratory  questionnaire  and.  of  those  not 
receiving  respiratory  treatment.  55  reported  a  previous  doctor  diagnosis 
of  asthma  and  a  further  696  had  symptoms  suggestive  of  asthma.  Lung 
function  testing  in  280  of  501  randomlv  selected  individuals  from  these 
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group'-  resulted  in  .^S  helui;  donned  as  having  aslhnia  and  an  estimated 
population  pre\alence  lor  untreated  asthma  of  lA'i  (95'*  CI  \.(>9t  to 
3.6'S-)  in  men  and  1.2';  i'-)yr  CI  O.T^'i  to  2.l7r)  in  vvoinen.  Most  subjects 
(84%)  with  untreated  asthma  had  moderate  or  sc\ere  disease.  Untreated 
asthma  was  most  common  in  indi\iduals  with  doctor  diagnosed  asthma 
(21Cf )  and  those  with  breathlessness  or  whee/e  (l.1-20'/t).  CONCLU- 
SION: Untreated  asthma  in  the  elderly  is  a  common  and  iinporlant  prob- 
lem. Opportunistic  use  of  appropriate  lung  function  tests  in  older  people 
with  a  history  of  doctor  diagnosed  asthma  or  wheeze  or  breathlessness  at 
rest  could  identify  untreated  asthmatics  who  might  benefit  from  treat- 
ment. 

A  SurM'\  of  Nocturnal  livpoxacniiu  and  Health  Kt'lated  Quali(>  of 
Life  in  Patients  with  Cr>  ptoyenic  Librosinj;  .\l\e(ilills — Clark  M.  Coo- 
per \i.  .Snigh  S,  Cooper  M.  Carr  .X.  Hubbard  R.  Iliora\  20111  ;.'ifi(6):482- 
486. 

BACKGROUND:  A  survey  of  overnight  oximetry  was  conducted  to 
estimate  the  prevalence  of  nocturnal  hvpoxaemia  in  patients  with  cryp- 
togenic fibrosing  ahcolilis  and  to  establish  whether  nocturnal  hypoxae- 
mia  is  related  to  quality  of  life.  METHODS:  .Ml  patients  with  crypto- 
genic fibrosing  alveolitis  attending  Nottingham  City  Hospital  were  invited 
to  enter  the  studv.  Spirometric  measurements  and  capillary  blood  gas 
tensions  were  obtained  and  overnight  o,xygen  saturation  was  recorded  at 
home.  Quality  of  life  was  assessed  using  the  Short  Form-36,  Chronic 
Respiratory  Questionnaire.  Hospital  Anxiety  Depression  Scale,  and  Ep- 
worth  Sleepiness  Score  questionnaires.  RESULTS:  Sixty  seven  eligible 
patients  were  identified  and  50  agreed  to  enter  the  study,  although  two 
were  subsequently  excluded  because  they  already  used  oxygen  overnight. 
In  the  remaining  48  the  mean  (SD)  overnight  oxygen  saturation  (S^„,) 
was  92.5  (4.3  //i  and  the  median  number  of  dips  greater  than  ■i'^t  per  hour 
was  2.3  (interquartile  range  1.5-5.3).  Daytime  oxygen  level  predicted 
mean  overnight  S^,,,  (l.94'/>/kPa.  95Vf  CI  1.22  to  2.66.  p<0.001)  but 
percentage  predicted  forced  vital  capacity  (FVC)  did  not  (0.018%/% 
predicted  FVC.  95%  CI  -0.04  to  0.08.  p=0.5).  Nocturnal  hypoxaemia 
was  associated  with  decreased  energy  levels  and  impaired  daytime  social 
and  physical  functioning,  and  these  effects  were  independent  of  FVC. 
CONCLUSIONS:  Nocturnal  hypoxaemia  is  common  in  patients  with 
cryptogenic  fibrosing  alveolitis  and  may  have  an  impact  on  health  related 
quality  of  life. 

.\ddition  of  Leukolricne  .\nlagonists  to  Therapy  in  Chronic  Persis- 
tent Asthma:  A  Kundomised  Double-Blind  Placebo-Controlled  Tri- 
al—Robinson US.Campbcll  D.  Barnes  PJ.  Lancet  2001  Jun  23:357(9273): 
2007-2011. 

BACKGROUND:  Controlled  trials  suggest  that  leukotriene  receptor  an- 
tagonists can  impro\c  lung  function  and  reduce  requirement  lor  oral  or 
inhaled  corticosteroids  in  patients  w  ith  asthma.  We  aimed  to  assess  whether 
niontelukast.  a  leukotriene  receptor  antagonist,  can  improve  symptoms  or 
lung  function  in  patients  with  chronic  asthma  with  symptoms  already 
taking  corticosteroids.  METHODS:  We  did  a  double-blind,  placebo-con- 
trolled, crossover,  randomised  add-on  study  in  which  100  patients  with 
asthma  and  symptoms  despite  treatment  with  inhaled  corticosteroids  and 
additional  therapy  were  given  10  mg  niontelukast  sodium  for  14  days  in 
an  outpatient  clinic  setting.  Outcome  measures  were  symptoms  and  peak 
How  diaries.  FINDINGS:  72  patients  had  diary  data  for  analysis.  Com- 
pared with  placebo,  addition  of  niontelukast  did  not  result  in  any  signif- 
icant change  in  symptom  scores  (mean  difference  between  the  last  7  days 
of  each  treatment  period  0.05;  95%  CI  -0.86  to  1.14),  rescue  inhaled  ^, 
agonist  use  (mean  difference  in  puffs  per  day  0.41;  -0.29  to  0.57).  or 
twice  daily  peak  expiratory  flow  (PEF)  measurements  (mean  difference 
in  morning  PEF  1.18  L/min;  -14.29  to  17.14),  and  mean  difference  in 
evening  peak  flow  (-0.50:  -17.42  to  12.86).  When  treatment  response  was 
defined  as  a  15%  or  greater  increase  in  mean  peak  How  readings,  there 


were  four  responders  to  niontelukast  and  seven  rcsponders  to  placebo. 
IN TERPRET.ATION:  Based  on  PLl-  data  Ironi  our  previous  studies  of  a 
similar  patient  group  we  would  have  expected  to  detect  changes  of  more 
than  5%.  Used  as  additional  therapy  in  a  hospital  outpatient  clinic  setting, 
niontelukast  did  not  provide  such  additional  benefit  In  patients  with 
moderate  or  severe  asthma. 

DiaphraKinatic  .Shape  Change  Alter  Luny  Volume  Reduction  .Sur- 
gery—Qmnl  LE.  Bland  PH.  Walker  JM.  Ka/eroonI  EA.  Martinez  FJ. 
lannettoni  MD.  Bookstein  FL.  J  Thorac  Imaging  2(K)I  Jul;l6{3l:l49- 
1.55. 

Diaphragmatic  shape  in  normal  patients  was  significantly  different  from 
shape  in  emphysema  patients.  Postoperative  diaphragmatic  shape  in  pa- 
tients with  good  clinical  outcome  differed  from  preoperative  shape  and 
was  similar  to  shape  in  normal  patients.  In  patients  with  poor  clinical 
outcome,  surgery  appeared  to  have  little  effect  on  diaphragm  shape. 

The  Effect  of  Imaging  Modality  on  Patient  .Management  in  the  E\al- 
uation  of  Pulmonary  Thromboembolism  -  C'niw  lord  T.  Yoon  C.  \\  iilf- 
son  K.  Beller  M.  Emerick  A.  Goldin  JG.  Aberle  DR.  J  Thorac  Imaging 
2001  Jul:16(3):l63-169. 

A  retrospecti\e  medical  record  review  was  performed  to  study  the  dif- 
ferences in  clinical  risk  profiles  and  the  relationships  between  test  results 
versus  management  for  suspected  pulmonary  thromboembolism  (TE)  in 
patients  undergoing  either  radionuclide  ventilation  perfusion  (V/Q)  scans 
or  pulmonary  computed  tomographic  angiography  (CTA).  as  the  initial 
test.  Data  of  138  consecutive  V/Q  patients  were  compared  with  that  of 
149  consecutive  CT.'X  patients  during  equivalent  6-month  intervals  before 
and  after  the  introduction  of  CTA.  Information  on  risk  factors,  signs  and 
symptoms,  all  diagnostic  test  results,  and  the  relationships  between  the 
test  results  and  ultimate  physician  management  were  collected  and  ana- 
lyzed. V/Q  results  predicted  physician  management  in  all  patients  with 
high  probability  scans  and  91%  with  normal  to  low  probability  scans. 
There  were  35  patients  with  indeterminate  V/Q  scans-43%  of  these 
patients  were  managed  without  any  other  diagnostic  test.  CTA  results 
predicted  management  in  all  patients  with  positive  studies  and  99%  of 
patients  with  negative  studies.  In  contrast  to  the  V/Q  cohort,  only  seven 
CTA  studies  were  inconclusive-additional  diagnostic  tests  determined 
management  in  all  but  one  case.  Compared  with  V/Q.  CTA  has  fewer 
indeterminate  results,  is  more  directly  rellective  of  management,  and 
reduces  the  number  of  patients  managed  with  inconclusive  data. 

Tuberculous  flbrosing  Mediastinitis:  CT  and  MRI  flndings — Atasoy 
C,  Fitoz  S,  Erguvan  B,  Akyar  S.  J  Thorac  Imaging  2(101  Jul:16(3):19l- 
193. 

Fibrosing  mediastinitis  is  a  rare  entil\  usuallv  caused  by  granulomatous 
disease.  Most  cases  develop  as  a  complication  of  histoplasmosis.  Medi- 
astinal involvement  caused  by  tuberculosis  most  often  produces  locally 
enlarged  lymph  nodes,  with  ditfuse  mediastinal  involvement  a  very  un- 
usual manifestation  of  disease.  The  authors  describe  a  patient  with  ex- 
tensive tuberculous  fibrosing  mediastinitis,  in  whom  tlbrotic  masses  pro- 
duced compression  of  airways  and  \ascular  structures  with  resultant 
parenchymal  changes. 

Sleep  and  Daytime  Sleepiness  in  I  pper  Airway  Resistance  Syndrome 
Compared  to()bstructi\e  Sleep  Apnoea  .Syndrome — Guilleminault  C. 
Do  Kim  >  .  Chowdhuri  S.  Honta  M.  Ohayon  M.  Kushida  C.  Eur  Respir 
J  2001  .\lay;l7(5):838-847. 

This  study  has  investigated  differences  in  the  nocturnal  sleep  and  daytime 
sleepiness  among  patients  with  obstructive  sleep  apnoea  syndrome 
(OSAS).  upper  airway  resistance  (UARS).  sleep  hypopnoea  syndrome. 
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and  normal  control  subjects,  using  sleep  scoring  and  spectral  activity 
analysis  of  the  electroencephalogram  (EEG).  Twelve  nonobese  males 
with  L'ARS  aged  30-60  yrs  were  recruited.  These  subjects  were  strictly 
niatchcd  for  age  and  body  mass  index  with  twelve  OSAS  patients.  12 
sleep  hypiipnoea  syndrome  patients,  and  12  normal  conlrols.  all  male. 
Daytime  sleepiness  was  evaluated  using  the  Epworth  Sleepiness  Scale 
(ESS)  and  the  Multiple  Sleep  Latency  Test  (MSLT).  The  niacrostruclure 
of  sleep  was  determined  using  international  criteria  and  spectral  analysis 
of  the  sleep  EEG  was  obtained  from  a  central  lead.  The  sleep  macro- 
structure  of  OSAS  and  UARS  patients  was  significantly  different  from 
that  of  controls.  These  patients  were  also  sleepier  during  the  daytime  than 
controls.  Complaints  of  tiredness  and  daytime  sleepiness.  ESS  and  MSLT 
scores  were  similar  in  the  different  patient  groups.  Mild  dysmorphia  was 
present  in  all  three  patient  groups.  However,  nocturnal  sleep  was  signif- 
icantly different  among  the  different  groups.  OSAS  patients  had  signif- 
icantly more  awake  time  during  sleep  than  the  UARS  patients.  The 
spectral  activity  of  the  total  sleep  time  of  the  patient  groups  also  differed 
significantly  from  that  of  controls.  When  the  sleep  spectral  activity  of 
UARS  and  OSAS  patients  were  compared.  OSAS  patients  had  less  slow 
wave  sleep  activity  than  UARS  patients.  UARS  patients  had  a  signifi- 
cantly higher  absolute  power  in  the  7-9  Hz  bandwidth  than  OSAS  pa- 
tients. The  absolute  delta  power  over  the  different  sleep  cycles  was  also 
different  between  controls  and  patients,  and  between  UARS  and  OSAS 
patients.  There  are  clear  differences  in  the  macrostructure  and  spectral 
activity  of  sleep  between  upper  airway  resistance  and  obstructive  sleep 
apnoea  syndrome  patients,  demonstrated  by  differences  in  the  cortical 
activity  recorded  in  the  central  lead  during  sleep.  Despite  these  nocturnal 
sleep  differences,  the  tests  of  subjective  daytime  sleepiness  are  not  sig- 
nificantly different. 

Outcome  of  COPD  Patients  with  Mild  Daytime  Hypoxaemia  With  or 
Without  .Sleep-Related  Oxygen  Desaturation — Chaoual  A.  Weitzen- 
blum  E.  Kessler  R.  Schott  R.  Charpentler  C.  Levi-Valensi  P.  et  al.  Eur 
Respir  J  2001  May;17{5l:S48-8.'i.S. 

The  aim  of  the  present  study  was  to  compare  the  evolution  of  pulmonary 
haemodynamics  and  of  arterial  blood  gases  in  chronic  obstructive  pul- 
monary disease  (COPD)  patients  with  mild-to-moderate  hypoxaemia. 
with  or  without  sleep-related  oxygen  desaturation.  COPD  patients  with 
daytime  arterial  oxygen  partial  pressure  in  the  range  .'56-69  mm  Hg  were 
included  prospectively.  Sleep-related  oxygen  desaturation  was  defined  as 
spending  ^  30%  of  the  nocturnal  recording  time  with  arterial  oxygen 
saturation  <  909c.  From  the  64  patients  included.  .3.'i  were  desaturators 
(group  I)  and  29  were  nondesaturators  (group  2|.  At  baseline  (tO),  pa- 
tients with  sleep-related  desaturation  had  a  significantly  higher  daytime 
(mean  ±  SD)  anerial  carbon  dioxide  partial  pressure  (P;,coJ  (44.9  ±  4.9 
mm  Hg  versus  41.0  ±  4.1  mm  Hg.  p  =  0.001)  whereas  mean  pulmonary 
artery  pressure  (mPAP)  was  similar  in  the  two  groups.  After  2  yrs  (t2)  of 
follow-up.  22  desaturators  and  14  nondesaturators  could  be  re-evaluated, 
including  pulmonary  haemodynamic  measurements.  None  of  the  nonde- 
saturator  patients  became  desaturators  at  t2.  The  difference  between  the 
two  groups  in  terms  of  daytime  P.,eo.  was  still  present  at  t2.  The  mean 
changes  in  mPAP  from  tO  to  l2  were  similar  between  the  two  groups,  as 
were  the  rates  of  death  or  requirement  for  long-lerin  oxygen  therapy 
(American  Thoracic  Society  criteria)  during  follow-up  of  up  to  6  yrs.  The 
presence  of  sleep-related  oxygen  desaturation  is  not  a  transitional  .state 
before  the  worsening  of  daytime  arterial  blood  gases,  but  is  a  character- 
istic of  some  chronic  obstructive  pulmonary  disease  patients  who  have  a 
higher  daytime  arterial  carbon  dioxide  partial  pressure.  Such  isolated 
nocturnal  hypoxaemia  or  sleep-related  worsening  of  moderate  daytime 
hypoxaemia  does  not  appear  to  favour  the  development  of  pulmonary 
hypertension,  nor  to  lead  to  worsening  of  daytime  blood  gases. 

F'"acl()rs  Associated  with  Kila|)se  After  \nil)idator\  Ireatmenl  of 
Acute  Exacerbations  of  Chronic  Itrunchitis.  U.VKNK  Slud\  Group — 


Miravitlles  M.  Murio  C.  Guen-ero  T.  Eur  Respir  J  2001  May;17(5):928- 
933. 


This  study  aimed  to  identify  the  risk  factors  for  relapse  after  ambulatory 
treatment  of  acute  exacerbations  of  chronic  bronchitis  (AECB)  that  can 
easily  be  used  in  a  primary  care  setting.  Data  were  prospectively  col- 
lected on  2,414  ambulatory  patients  with  AECB  from  268  general  prac- 
tices located  throughout  Spain.  A  multivariate  model  to  identify  risk 
factors  independently  associated  with  failures  was  developed  and  vali- 
dated from  the  information  recorded  at  the  inclusion  visit  and  at  30-days 
follow-up  visit.  A  total  of  507  patients  relapsed  (219't):  of  these.  84 
required  admission  ( 16.5%).  The  multivariate  model  for  prediction  of  the 
risk  of  relapse  included  2.414  cases:  1.689  for  the  developmental  sample 
and  725  in  the  validation  sample.  The  model  obtained  contained  three 
readily-obtainable  variables:  ischaemic  heart  disease  (odds  ratio 
(OR)=1.63;  95%  confidence  interval  (CI)=  1.07-2.47).  degree  of  dys- 
pnoea (OR  =  1.31;  1.14-1.50)  and  number  of  visits  to  the  general 
practitioner  the  previous  year  (OR  =  1.07:  1.04-1.10).  The  model  cal- 
ibrated well  in  developmental  and  validation  samples  (goodness-of-fit 
tests:  p  =  0.295  and  p  =  0.637.  respectively).  Severity  of  the  exacerba- 
tion was  not  associated  with  increased  risk  of  relapse  in  either  univariate 
or  multivariate  analysis.  The  present  results  suggest  that  baseline  char- 
acteristics of  the  patients  such  as  degree  of  dyspnoea,  coexisting  isch- 
aemic heart  disease  and  number  of  previous  visits  to  the  general  practi- 
tioner for  respiratory  problems  are  strongly  associated  with  increased  risk 
of  relapse  after  ambulatory  treatment  of  acute  exacerbations  of  chronic 
bronchitis.  In  contrast,  exacerbation  severity  was  not  associated  with 
clinical  failure.  Guidelines  for  management  of  acute  exacerbations  of 
chronic  bronchitis  should  consider  such  risk  factors  and  advocate  inten- 
sive broad  spectrum  treatment  and  closer  follow-up  of  patients  exhibiting 
them. 


Exhaled  Nitric  Oxide  in  Chronic  Obstructive  Pulinonary  Disease: 
Relationship  to  Pulmonary  Function — Ansarin  K.  Chatkin  JM.  Fer- 
reira  l.M.  Gutierrez  CA.  Zamel  N.  Chapman  KR.  Eur  Respir  J  2001 
May;17(5):934-938. 

The  following  study  was  undertaken  in  order  to  determine  how  exhaled 
nitric  oxide  (eNO)  levels  in  former  smokers  with  chronic  obstructive 
pulmonary  disease  (COPD)  compared  to  eNO  levels  in  patients  with 
asthma  and  in  healthy  nonsmoking  volunteers.  The  study  also  aimed  to 
determine  any  relationship  between  eNO  levels  in  COPD  and:  I )  con- 
ventional measures  of  lung  function:  and  2)  inhaled  corticosteroid  (ICS) 
use.  In  former  smokers  with  COPD.  nonsmokers  with  asthma  and  \iil- 
unteers,  eNO  levels,  spirometry,  lung  volumes,  carbon  monoxide  diffu- 
.sion  capacity  of  the  lung  (DL^-,,)  and  resting  oxygen  saturation  (S.,q,) 
were  measured.  Median  eNO  was  significantly  higher  among  patients 
with  COPD  than  among  healthy  volunteers  (p  =  0.003)  but  lower  than 
among  patients  \\ith  asthma  (p  <  0.01 ).  There  was  no  significant  dilTer- 
ence  in  eNO  levels  between  COPD  patients  using  ICS  and  those  not 
using  ICS.  By  contrast.  eNO  was  lower  among  asthma  patients  who  used 
ICS  (median  32  parts  per  billion  (ppb);  25-75%  range  16-.54)  than 
among  asthma  patients  who  did  not  (5 1  ppb;  32-87)  (p  =  0.034).  Among 
patients  with  COPD.  eNO  was  inversely  correlated  with  forced  expira- 
tory volume  in  one  second,  DL(.,,  and  S,,,,,,  and  was  positively  correlated 
with  the  residual  lung  volume/total  lung  capacity  ratio.  Among  patients 
with  asthma,  no  significant  correlations  were  found.  Exhaled  nitric  oxide 
is  increased  in  patients  with  chronic  obstructive  pulmonarj  disease,  an 
increase  thai  Is  Infiuenced  by  simctural  abnormalities  of  tobacco-induced 
lung  damage. 


Quality  of  Life  of  Idiopathic  Pulmonar)  I'ibrosis  Patient.s — De  Vries 
J.  Kessels  BL.  Drcnt  M.  Lur  Respir  J  2001  .Maj;17(5):954-961. 
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without  the  cost  of  buying  a  new  chamber. 

•  The  valve  and  end  cap  are  easily  removed  for ' 
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■  AeroChamber  Plus  -^ 
OptiChamber 


I    •  And,  OptiChamber  s  more  flexible 

MDI  adapter  accommodates  a  wide 

1    1^1  ,j         variety  of  CFC  and  HFA  canisters, 

making    it   easier   to   implement   a 

common  canister  protocol.' 

.PM     30.0  LPM  _    ^       _    ,. 

Better  Delivery 


•     OptiChamber  s     optimal 

larger  size  (218  mL  volume) 

makes    more    fine    particle 

_         dose  available  for  inhalation 

for  patients  of  all  ages.'^ 

Call  1  -800-962-1 266  to  give  your 
patients  the  OptiChamber'  Advantage  today. 

1)  Wojclechowski  W.  Respir  Care  2001A7  (Abstract  No. 
OF01-122):1082. 

2)  Data  accepted  lor  presentation  at  the  2001  American  College  of 
Allergy,  Asthma  &  Immunology  Annual  Meeting. 
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Liltlc  altention  has  been  paid  In  qiialilv  of  Vtic  (QOl,  i  in  iiiii)palhic 
pulnmnarv  fibrosis  (IPF).  Theretoa-.  the  aim  ol  this  study  was  to  address 
this  issiiL-  and  study  the  relationship  between  QOL.  depressive  symptoms, 
and  breathlessness  in  these  patients.  Foily-one  IPF-  patients  and  4 1  heahhy 
persons  niatehed  tor  age  and  sex  completed  the  World  Health  Organi- 
zation Quality  ol  Life  assessment  instrument- 1 00.  The  IPF  patients  also 
completed  the  Beck  Depression  ln\entory.  the  Bath  Breathlessness  Scale, 
a  social  support  questionnaire  and  a  question  concerning  perceived  seri- 
ousness of  illness.  Compared  to  the  control  group,  QOL  in  IPF  patients 
was  mainly  impaired  in  the  domains  "physical  health"  and  "level  of 
independence."  A  number  of  relationships  were  found  between  pulmo- 
nary function  tests  and  QOL.  The  QOL  facet  "negative  feelings"  was 
highly  associated  with  scores  on  depression.  Subjective  breathlessness 
was  related  to  depressi\e  symptoms  and  QOL.  Moremer,  sex  and  effec- 
li\e/eniolional  breathlessness  predicted  overall  QOL.  In  conclusion,  the 
impairment  of  the  quality  of  hie  areas  "physical  health"  and  "level  of 
independence"  are  important  issues  in  idiopathic  pulmonary  fibrosis. 
Subjective  breathlessness.  especially  the  effective/emotional  scale,  seems 
related  to  quality  of  life  and  depressive  symptoms.  Rehabilitation  pro- 
grammes are  needed  that  are  aimed  at  physiological  aspects  and  psycho- 
social aspects  of  idiopathic  pulmonary  fibrosis  in  order  to  enhance  the 
quality  of  life  of  these  patients. 

F.pidcmiolof'y  of  Chronic  Obstructive  Pulmonary  Disease — Anto  JM. 
Vcrmeire  P.  Vestbo  J.  Sunyer  .1.  Eur  Respir  J  :(10l  May; 1 7(5 1:982-994. 

Chronic  obstructive  pulmonary  disease  (COPD)  is  a  leading  cause  of 
world-wide  mortality  and  disability.  On  average  approximately  5-15%  of 
adults  in  industrialized  countries  have  COPD  dctmed  by  spirometry.  In 
1990.  COPD  was  considered  to  be  at  the  twelfth  position  world-wide  as 
a  cause  of  combined  mortality  and  disability  but  is  expected  to  become 
the  fifth  cause  by  the  year  2020.  COPD  has  a  chronic  long-lasting  course 
characterized  by  irreversible  decline  of  forced  expiratory  volume  in  one 
second  iFFV,!.  increasing  presence  of  dyspnoea  and  other  respiratory 
symptoms,  and  progressive  deterioration  of  health  status.  After  diagnosis 
the  10-yr  survival  rate  is  approximately  50^t  with  more  than  one-third  of 
patients  dying  due  to  respiratory  insufficiency.  Several  environmental 
exposures  such  as  air  pollution  increase  the  risk  of  death  in  COPD 
patients.  The  aetiology  of  COPD  is  overwhelmingly  dominated  by  smok- 
ing although  many  other  factors  could  play  a  role.  Particular  genetic 
variants  are  likely  to  increase  the  susceptibility  to  environmental  factors 
although  little  is  known  about  which  are  the  rele\  ant  genes.  There  is  clear 
evidence  about  the  role  of  the  alpha- 1 -antitrypsin  but  the  fraction  of 
COPD  attributable  to  the  relevant  variants  is  only  I'/f.  Phenotypic  traits 
that  arc  considered  to  play  a  role  in  the  development  of  COPD  include 
sex.  with  females  being  at  a  higher  risk,  bronchial  responsiveness  and 
atopy.  There  is  strong  causal  evidence  regarding  the  relationship  between 
smoking  and  COPD  with  decline  in  FEV,  levelling  off  after  smoking 
cessation.  Passive  smoking  has  been  found  to  be  associated  with  a  small 
though  statistically  significant  decline  in  FEV,.  Other  risk  factors  that  are 
likely  to  be  relevant  in  the  development  of  COPD  are  occupation,  low 
socioeconomic  status,  diet  and  possibly  some  en\  ironmental  exposures  in 
early  life.  Although  there  is  accumulating  evidence  that  oxygen  therapy, 
pharmacological  treatment  and  rehabilitation  may  improve  the  course  of 
chronic  obstructive  pulmonary  disease,  preventing  smoking  continues  to 
be  the  most  relevant  measure,  not  only  to  prevent  chronic  obstructive 
pulmonary  disease,  but  also  to  arrest  its  development. 

Bacteria.  Anilbiolics  and  COPD— Wilson  R  Eur  Respir  J  2(101  May; 
17(51:995-1007. 

Bacterial  infection  is  one  of  several  important  causes  of  exacerbations  of 
chronic  obstructive  pulmonary  disease  (COPDl  that  may  coexist.  COPD 
is  a  heterogeneous  condition  and  the  incidence  of  bacterial  infection  is 
not  uniform;  mucus  hypersecretion  may  be  an  important  risk  factor.  The 


bacteriology  of  infections  varies  depending  on  the  severity  of  the  under- 
lying airway  disease.  There  is  now  a  much  better  understanding  of  the 
pathogenesis  of  bacterial  infections  of  the  respiratory  mucosa.  Lower 
airway  bacterial  colonization  may  be  a  stimulus  for  chronic  inflammation 
and  may  influence  the  interval  between  exacerbations.  Antibiotic  resis- 
tance has  increased  in  all  the  major  pathogens.  Antibiotics  are  an  impor- 
tant part  of  the  treatment  of  acute  exacerbations  of  COPD  and  the  deci- 
sion about  whether  to  give  an  antibiotic  can  be  made  on  clinical  grounds. 
It  is  more  difficult  to  decide,  on  the  available  evidence,  whether  patient 
characteristics  and  the  risk  of  antibiotic  resistance  should  influence  choice 
of  empiric  antibiotic  treatment.  Most  new  antibiotics  are  modifications  of 
existing  structures,  suggesting  that  every  effort  should  be  made  to  con- 
serve the  sensitivity  of  current  antibiotics  by  using  them  appropriately. 

Pulmonar>  \  enlilalion  Imaged  by  Maj^netic  Resonance:  .\t  the  Door- 
step of  Clinical  .Application — Kauczor  HL'.  Chen  XJ.  van  Beek  EJ. 
Schreiber  WU.  Hur  Respir  J  2001  May;l'7(5l:l()08-1023. 

0\er  the  past  few  years,  magnetic  resonance  imaging  (MRI)  has  emerged 
as  an  important  instrument  for  functional  ventilation  imaging.  The  aim  of 
this  review  is  to  summarize  established  clinical  methods  and  emerging 
techniques  for  research  and  clinical  arenas.  Before  the  advent  of  MRI. 
chest  radiography  and  computed  tomography  (CT)  dominated  morpho- 
logical lung  imaging,  while  functional  ventilation  imaging  was  accom- 
plished with  scintigraphy.  Initially.  MRI  was  not  used  for  morphological 
lung  imaging  often,  due  to  technical  and  physical  limitations.  However, 
recent  developments  have  considerably  improxed  anatomical  MRI,  as 
well  as  advanced  new  techniques  in  functional  ventilation  imaging,  such 
as  inhaled  contrast  aerosols,  oxygen,  hyperpolarized  noble  gases  (Heli- 
um-3.  Xenon- 1 29 1.  and  fluorinated  gases  ( sulphur-hexafluoride ).  Straight- 
forward images  demonstrating  homogeneity  of  ventilation  and  determin- 
ing ventilated  lung  solumes  can  be  obtained.  Furthermore,  new  image- 
derived  functional  parameters  are  measurable,  such  as  airspace  size, 
regional  oxygen  partial  pressure,  and  analysis  of  ventilation  distribution 
and  ventilation/perfusion  ratios.  There  are  several  advantages  to  using 
MRI:  lack  of  radiation,  high  spatial  and  temporal  resolution  and  a  broad 
range  of  functional  information.  The  MRI  technique  applied  in  patients 
with  chronic  obstructive  pulmonary  disease,  emphysema,  cystic  fibrosis, 
asthma,  and  bronchiolitis  obliterans,  may  yield  a  higher  sensitivity  in  the 
detection  of  ventilation  defects  than  ventilation  scintigraphy,  CT  or  stan- 
dard pulmonary  function  tests.  The  next  step  will  be  to  define  the  thresh- 
old between  physiological  variation  and  pathological  defects.  L'sing  com- 
plementary strategies,  radiologists  u ill  ha\e  the  tools  to  characterize  the 
impairment  of  lung  function  and  to  improve  specificity. 

Urban  Air  Pollution  and  Chronic  Obstructive  Pulmonary  Disease:  .\ 

Review— Sunyer  J.  Fur  Respir  J  2001  Ma>;l7(5):1024-I0.''3. 

There  is  consistency  in  the  findings  that  relate  the  acute  increases  in 
urban  air  pollution  (mainly  the  paniculate  matteri  and  the  short-term 
health  effects  (i.e.  mortality  and  hospital  admissions  I  on  patients  suiter- 
ing  from  chronic  obstructive  pulmonary  disease  (COPDl.  Beyond  the 
acute  effects,  a  relevant  public  health  and  scientific  question  is  to  what 
extent  chronic  exposure  to  air  pollution  is  related  with  lung  function 
impairment  and  development  of  COPD.  The  few  cross-sectional  studies 
showed  an  increase  of  self-reported  diagnosis  of  chronic  bronchitis  and 
emphysema,  breathlessness  and  mucus  hypersecretion  and  lower  levels 
of  lung  function  in  the  more  polluted  areas.  The  two  cohort  studies  in 
children  lia\e  found  a  retard;ition  of  pulmonarv  function  growth,  and  the 
only  cohort  in  adults  a  faster  decline  of  lung  function.  Given  the  intrinsic 
limitations  of  cross-sectional  studies  to  separate  the  timing  between  ex- 
posure and  effects,  and  the  weaknesses  of  the  cohorts  (ie.  few  areas,  short 
follow-up.  only  one  retest.  lack  of  individual  weighting  of  air  pollution 
measure)  there  is  a  need  for  new  prospective  studies.  These  should  be 
performed  in  a  large  number  of  geographical  areas  and  with  a  long 
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Face  Seal  Is  Critical  for  Aerosol  Delivery. 

The  AeroC/iamber  Plus"  Valved  Holding  Chamber  ('VHC")  with  ComfortSeal" 
Mask  is  the  only  VHC  specifically  designed  for  the  smaller  facial  features  of 
a  child.  Plus  with  its  improved  design  and  highly  visible  exhalation  valve,  you 
are  assured  of  a  tight  mask  fit  for  exceptional  performance  levels. 

Improved  Aerosol  Suspension  Time  Delivers  Higher  Concentrations. 

The  4eroC/jam6er  Plus  VHC  with  ComfortSeal  Mask  features  a  superior 
rate  of  drug  delivery.*  The  Plus'  optimal-sized  chamber  and  Flow  Dynamic 
system  can  significantly  enhance  drug  delivery  at  low  tidal  volumes  and  low 
inspiratory  flows. 

The  Only  VHC  Designed  and  Built  for  Children. 

From  its  tamper-resistant  valve  to  the  child-friendly  AeroBear  '  instructional 
graphics,  the  AeroChamber  Plus"  VHC  with  ComfortSeal"  Mask  is 
designed  and  built  for  a  child's  use.  Plus  it  is  durable,  easy  to  clean,  latex 
free  and  offers  a  new  patient  and  family  instructional  video  and  easy-to-read 
pictorial  instructions. 

'  Compared  to  competitive  devices  with  many  tested  drug  formulations 
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t'ollo\v-up  to  assL>  the  impact  of  long-term  air  pollution  on  lung  function 
growth  and  decline,  and  on  incidence,  duration,  severity  and  survival  of 
chronic  obstructive  pulmonary  disease. 

Impact  of  a  KoliilinK  Knipiric  Aniihiollc  Schedule  on  Infectious  Mor- 
tality in  an  intensJNe  (are  I  nit  Raymond  DP.  Rcllelier  SJ.  Crablree 
TD.  (llcason  TG.  llanim  l.L.  Pruett  TL.  Sawyer  RG.  Crit  Care  Med  2001 
Jun:2y((i):ll01-1108. 

OBJECTIVE:  The  development  of  antibiotic-resistant  bacteria  is  associ- 
ated with  significant  morbidity  and  mortality  in  critically  ill  patients.  We 
postulated  that  quarterly  rotation  of  empirical  antibiotics  could  decrease 
infectious  complications  from  resistant  organisms  in  an  intensive  care 
unit  (ICU).  DESIGN:  Prospective  cohort  study.  SETTING:  An  ICU  at  a 
university  medical  center.  SUBJECTS:  All  patients  admitted  to  the  gen- 
eral, transplant,  or  trauma  surgery  services  who  developed  pneumonia, 
peritonitis,  or  sepsis  of  unknown  origin.  INTERVENTIONS:  A  2-yr 
study  consisting  of  1  yr  of  nonprotocol-dri\en  antibiotic  use  and  1  yr  of 
rotating  empirical  antibiotic  assignment.  MEASUREMENTS  AND  MAIN 
RESULTS:  Over  100  variables  were  recorded  for  each  infectious  epi- 
sode, including  patient  characteristics  (e.g..  Acute  Physiology  and  Chronic 
Health  Evaluation  [APACHE]  II  score,  age,  comorbidities),  infection 
characteristics  (e.g.,  site,  organism),  treatment  characteristics  (e.g..  anti- 
biotic, treatment  duration)  and  outcome  measures  (e.g.,  mortality,  length 
of  stay,  antibiotic  cost).  Of  1456  consecutive  admissions  to  the  ICU.  540 
episodes  of  infection  were  treated.  No  differences  were  noted  in  age. 
APACHE  II  score,  race,  overall  antibiotic  utilization  or  duration  of  ther- 
apy between  the  2  yrs  of  study.  Outcome  analysis  revealed  significant 
reductions  in  the  incidence  of  antibiotic-resistant  Gram-positive  coccal 
infections  (7.8  infections/ 100  admissions  vs.  14.6  infections/100  admis- 
sions, p  <  ,0001),  antibiotic-resistant  Gram-negative  bacillary  infections 
(2.5  infections/100  admissions  vs.  7.7  infections/ 100  admissions,  p  < 
.0001).  and  mortality  associated  with  infection  (2.9  deaths/100  admis- 
sions vs.  9.6  deaths/100  admissions,  p  <  0.0001 )  during  rotation.  Logis- 
tic regression  identified  age  (odds  ratio  [OR].  1.03;  95'7c  confidence 
interval  [CI].  1.01-1.06).  APACHE  II  score  (OR,  1.06:  95^^  CI.  1.01- 
1.13).  solid  organ  transplantation  (OR.  9.50:  95'7r  CI.  2.01-52.21).  and 
malignancy  (OR.  10.16;  959c  CI,  4.1 1-26.96)  as  independent  predictors 
of  mortality.  Antibiotic  rotation  was  an  independent  predictor  of  survival 
(OR  6.27,  957c  CI  2.78-14.16).  CONCLUSION:  Rotation  of  empirical 
antibiotic  therapy  seems  to  be  a  promising  method  to  reduce  infectious 
mortality  in  an  ICU. 

Kxperlencc  "ith  a  Clinical  (!uldeline  for  the  Treatment  of  Venlila- 
tiir- Associated  Pneumonia — Ibrahmi  EH.  Ward  S.  Sherman  G.  SchaitT 
R.  l-r;iser  VJ.  Kollef  MH.  Crit  Care  Med  2001  Jun:29(6):  1 109-1  I  15. 

OBJECTIVE:  To  evaluate  a  clinical  guideline  for  the  treatment  of  ven- 
tilator-associated pneumonia.  DESIGN:  Prospective  before-and-after 
study  design.  SETTING:  A  medical  intensive  care  unit  from  a  university- 
affiliated,  urban  teaching  hospital.  PATIENTS:  Between  April  1999  and 
January  2000.  102  patients  were  prospectively  evaluated.  INTERVEN- 
TIONS: Prospective  patient  surveillance,  data  collection,  and  implemen- 
tation of  an  antimicrobial  guideline  for  tlie  treatment  of  ventilator-asso- 
ciated pneumonia.  MEASUREMEN  IS  AND  MAIN  RESULTS:  The  main 
outcome  evaluated  was  the  initial  administration  of  adequate  antimicro- 
bial treatment  as  determined  by  respiratory  tract  cultures.  Secondary 
outcomes  evaluated  included  the  duration  of  antimicrobial  treatment  for 
ventilator-associated  pneumonia,  hospital  mortality,  intensive  care  unit 
and  hospital  lengths  of  stay,  and  the  occurrence  of  a  second  episode  of 
ventilator-associated  pneumonia.  Fifty  consecutive  patients  with  ventila- 
tor-associated pneumonia  were  e\'aluated  in  the  belbre  period  and  52 
consecutive  patients  with  ventilator-associated  pneumonia  were  evalu- 
ated in  the  after  period.  .Severity  of  illness  using  Acute  Physiology  and 
Chronic  Health  Evaluation  II  (25.8  ±  5.7  vs.  25.4  ±  8.1.  p  =0.798)  and 


the  clinical  pulmonary  infection  scores  (6.6  ±  1.0  vs.  6.9  ±  I  2.  p 
=0. 105)  were  similar  for  patients  during  the  two  treatment  periods.  The 
initial  administration  of  adequate  antimicrobial  treatment  was  statisti- 
cally greater  during  the  after  period  compared  with  the  before  period 
(94.27r  vs.  48.07r.  p  <  O.(M)l).  The  duration  of  antimicrobial  treatment 
was  statistically  shorter  during  the  after  period  compared  with  the  before 
period  (8.6±  5.1  days  vs.  14.8  ±  8.1  days,  p  <  0.001).  A  second  episode 
of  ventilator-associated  pneumonia  occurred  statistically  less  often  among 
patients  in  the  after  period  (7.77r  vs.  lAXr/c.  p  =0.0,TO).  CONCLU- 
SIONS: The  application  of  a  clinical  guideline  for  the  treatment  of  ven- 
tilator-associated pneumonia  can  increase  the  initial  administration  of 
adequate  antimicrobial  treatment  and  decrease  the  overall  duration  of 
antibiotic  treatment.  These  findings  suggest  that  similar  types  of  guide- 
lines employing  local  microbiological  data  can  be  used  to  improve  over- 
all antibiotic  utilization  for  the  treatment  of  sentilator-associatcd  pneu- 
monia. 

Clrcadian  Differences  Among  4.096  Emergency  Department  Patients 
with  .Acute  .Asthma — Brenner  BE.  Chavda  KK.  Karakurum  MB.  Karras 
DJ.  Camargo  CA  Jr.  Crit  Care  Med  2001  Jun;29(6):l  124-1 129. 

INTRODUCTION:  In  patients  with  asthma,  airways  narrow  during  the 
night.  The  clinical  implications  of  a  nocturnal  presentation  of  patients 
with  acute  asthma  to  the  emergency  department  (ED)  are  uncertain. 
OBJECTIVE:  Our  objective  was  to  determine  whether  patients  with 
asthma  who  had  ED  visits  during  the  night  (midnight  to  7:59  am)  vs. 
other  times  were  more  severe,  responded  less  well  to  ED  therapy,  and  had 
worse  clinical  outcomes.  DESIGN  AND  SETTING:  We  perlbrmed  a 
cohort  study,  as  part  of  the  Multicenter  Airway  Research  Collaboration 
(n  =  77  sites).  ED  patients  with  acute  asthma,  ages  2-54  yrs,  underwent 
a  structured  interview  in  the  ED.  Chart  re\iew  of  missed/refusal  patients 
created  a  truly  consecutive  case  series.  MEASUREMENTS  .AND  MAIN 
RESULTS:  .Among  1.602  children.  I99c  presented  at  night  Nighttime 
patients  were  more  likely  to  be  younger,  male,  and  have  a  shorter  dura- 
tion of  symptoms;  there  were  no  other  clinical  differences  noted.  Among 
2,494  adults.  2()9r  presented  at  night,  and  they  were  more  likely  to  be 
female  and  to  have  a  history  of  steroid  use  for  asthma.  Nighttime  adults 
also  had  a  shorter  duration  of  symptoms  and  slightly  lower  peak  flows 
(mean,  45%  vs.  49%  of  predicted:  p  =  0.006)  and  were  more  likely  to 
receive  steroids.  They  were  more  likely  to  be  intubated  (2.0%  vs.  0.2%: 
p  <  O.OOI).  but,  overall,  they  were  equally  likely  to  be  admitted  or 
relapse  after  ED  discharge.  In  contrast  to  objective  measures  of  acute 
asthma  severity,  both  nighttime  children  and  adults  were  significantly 
less  likely  to  report  their  asthma  symptoms  as  severe.  CONCLUSION: 
Except  for  endotracheal  intubation  (in  adults  only),  circadian  differences 
minimally  affect  ED  presentation,  therapy,  or  the  outcomes  of  acute 
asthma.  Nighttime  asthmatics  may  be  relatively  insensitive  to  the  symp- 
toms of  severe  asthma. 

Nitric  Oxide  Inhalation  Increases  .Alveolar  Gas  Exchange  by  De- 
creasing Deadspace  \  olume — Skimming  JVV,  Banner  MJ,  Spalding  HK, 
Jaeger  MJ.  Burchfield  DJ.  Da\enport  PW.  Cm  Care  Med  2001  Jun; 
29(6):  119.5-1200. 

OBJECTIVE:  To  test  the  hypothesis  that  nitric  ovide  inhalation  facili- 
tates CO,  elimination  by  decreasing  alveolar  deadspace  in  an  ovine  model 
of  acute  lung  injury.  DESIGN:  Prospective,  placebo-controlled,  random- 
ized, crossover  model,  SETTING:  University  research  laboratory.  SUB- 
JECTS: Eleven  mixed-breed  adult  sheep.  INTERVENTIONS:  To  induce 
acute  lung  injury,  hydrochloric  acid  was  instilled  into  the  tracheas  of 
paraly/ed  sheep  receiving  controlled  mechanical  ventilation.  Each  sheep 
breathed  0  ppm.  5  ppm.  and  20  ppm  nitric  oxide  in  random  order.  MEA- 
SUREMENTS AND  MAIN  RESULTS:  Estimates  of  alveolar  deadspace 
volumes  and  arterial-to-end  tidal  CO,  partial  pressure  differences  were 
used  as  indicators  of  CO,  elimination  efficiency.  At  a  constant  minute 
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Abstracts 


ventilalion,  nitric  oxide  inhalation  caused  dose-independent  decreases  in 
Paco.  (P  *-  0.05),  alveolar  dcadspace  {p  <  0.01 ).  and  arterial-to-end  tidal 
CO,  partial  pressure  ditlcrences  (p  <  0.01).  We  found  that  estimates  of 
ancrial-to-end  tidal  CO,  partial  pressure  differences  may  be  used  to 
predict  ahcolar  dcadspace  volume  Ir"  =  0.8(i.  p  <  0.05).  CONCLU- 
SIONS: Estimates  of  arterial-tii-end  tidal  CO,  partial  pressure  differences 
arc  reliable  indicators  of  ahcolar  dcadspace.  Botli  \alucs  decreased  dur- 
ing nitric  oxide  Inhalation  in  our  model  of  acutely  injured  lungs.  This 
finding  supports  the  idea  thai  nitric  oxide  inhalation  facilitates  CO,  elim- 
ination in  acutely  injured  lungs.  Future  studies  are  needed  to  determine 
whether  nitric  oxide  therapy  can  be  used  to  reduce  the  work  of  breathing 
in  selected  patients  with  cardiopulmonary  disorders. 

EITccts  of  the  lnspiraliir>  Pressure  Waveform  During  Patient-Trig- 
Kcri'd  \  entilation  on  I'lihnonary  Stretch  Receptor  and  Phrenic  Nerve 
.\cti\it\  in  Cats — IJnh.inli  II.  SiiKlcl.ir  R,  Jon/on  .-X.  Ricgcr-Fackcldcy 
E,  Schaller  P.  Schul/c  .\.  Scdui  G.  Crit  Care  Med  201)1  .Iun:2y(fi):l207- 
1214. 

OBJECTIVE:  To  examine  the  effects  of  square  wave,  sinusoidal,  and 
linear  inspiratory  pressure  waveforms  during  pressure-controlled  assist/ 
control  ventilation  on  the  firing  pattern  of  pulmonary  stretch  receptors 
and  phrenic  nerve  activity.  DESIGN:  Experimental,  comparative  study. 
SETTING:  Research  laboratory  at  a  university  biomedical  center.  SUB- 
JECTS: Nine  anesthetized,  endotracheally  intubated  young  cats  (2. 5-.^. 4 
kg).  INTERVENTION:  With  interposed  periods  of  continuous  positive 
airway  pressure  (0.2  kPa).  each  cat  was  exposed  to  periods  of  assist/ 
control  ventilation  with  three  different  pressure  waveforms,  where  the 
peak  inspiratory  pressure  (0.74  ±  0.13  kPa).  end-expiratory  pressure 
(0.2  ±  0.02  kPa).  and  tidal  volume  (14.9  ±  5.22  mL/kg)  were  kept 
constant.  Preset  controlled  ventilator  rate  was  set  below  the  rate  of  spon- 
taneous breathing,  and  the  mechanical  inflation  time  equaled  the  inspira- 
tory time  during  spontaneous  breathing  on  continuous  positive  airway 
pressure.  ME.-\SUREMENTS  .AND  M.AIN  RESULTS:  Respiratory  rate 
and  arterial  blood  gases  did  not  change  between  the  three  pressure  wave- 
forms during  assist/control  ventilation.  Peak  pulmonary  stretch  receptor 
activity  was  lower  and  mean  phrenic  nerve  activity  higher  during  con- 
tinuous positive  airway  pressure  than  during  assist/control  ventilation 
(p  <  0.05).  Peak  inspiratory  pulmonary  stretch  receptor  activity  was  the 
same  with  all  three  pressure  waveforms  (82  ±  17  impulses  •  sec"')  but 
occurred  earlier  with  square  wave  than  with  sinusoidal  or  linear  pressure 
waveforms  (p  <  0.05).  The  total  number  of  impulses  in  the  phrenic  nerve 
activity  burst  was  smaller  with  square  wave  than  v\ith  the  other  two 
pressure  waveforms  (0.21  ±  0.17  vs.  0.33  ±  0.27  and  0.42  ±  0.30 
arbitrary  units;  p  <  0.05).  and  the  phrenic  nerve  activity  burst  duration 
was  shorter  with  square  wave  ( I.IO  ±  0.45  vs.  1.54  ±  0.36  and  1.64  i 
0.25  sees:  p  <  0.05).  CONCLUSION:  Square  wave  pressure  waveform 
during  pressure-controlled  assist/control  ventilation  strongly  inhibits  spon- 
taneous inspiratory  activity  in  cats.  One  mechanism  for  this  inhibition  is 
earlier  and  sustained  peak  pulmonary  stretch  receptor  activity  during 
inspiration.  These  findings  show  that  differences  in  inspiratory  pressure 
wa\efornis  intluence  the  spontaneous  breathing  effort  during  assist/con- 
trol ventilation  in  cats. 

.Acute  KfTecIs  of  Passive  Smoking  on  the  Coronary  Circulation  in 
Healthy  ^  oung  .Adults— Utsuka  R.  Watanabe  H,  Hirata  K.  Tokai  K. 
Muro  T.  Yoshiyama  M,  et  al.  JAMA  2001  Jul  25;286(4):436-44l. 

CONTEXT:  Recent  studies  have  shown  that  passive  smoking  is  a  risk 
factor  for  ischemic  heart  disease  and  may  be  associated  with  vascular 
endothelial  dysfunction.  The  acute  effects  of  passive  smoking  on  coro- 
nary circulation  in  nonsmokers  are  not  known.  OBJECTIVE:  To  deter- 
mine the  acute  effects  of  passive  smoking  on  coronary  circulation  using 
coronary  flow  velocity  reserve  (CFVRl.  assessed  by  noninvasive  trans- 
thoracic Doppler  echocardiography.  DESIGN.  SETTING,  AND  PAR- 


TICIPANTS: Cross-sectional  study  conducted  from  September  2000  to 
November  2000  among  30  Japanese  men  (mean  age.  27  years:  15  healthy 
nonsmokers  and  15  asymptomatic  active  smokers)  without  history  of 
hypertension,  diabetes  mellitus,  or  hyperlipidemia.  MAIN  OUTCOME 
MEASURES:  Coronary  How  velocity  reserve,  calculated  as  the  ratio  of 
hyperemic  to  basal  coronary  fiow  velocity  induced  by  intravenous  infu- 
sion of  adenosine  triphosphate  and  measured  in  each  participant  before 
and  after  a  3()-minutc  exposure  to  environmental  tobacco  smoke.  RE- 
SULTS: Heart  rate  and  blood  pressure  responses  to  adenosine  triphos- 
phate infusion  were  not  affected  by  passive  smoking  exposure  in  either 
group.  Passive  smoking  exposure  had  no  effect  on  basal  coronary  flow 
velocity  in  either  group.  Mean  ISD)  CFVR  in  nonsmokers  was  signifi- 
cantly higher  than  that  in  active  smokers  before  passive  smoking  expo- 
sure (4.4  lO.yi  ]  vs  3.6  |0.88|.  respectively;  p  =  0.021.  while  CFVR  after 
passive  smoking  exposure  did  not  differ  between  groups  (p  =  0.83). 
Passive  smoking  exposure  significantly  reduced  mean  (SD)  CFVR  in 
nonsmokers  (4.4  10.91]  vs  3.4  |0.73].  respectively:  p  <  0.001).  CON- 
CLUSIONS: Passive  smoking  substantially  reduced  CFVR  in  healthy 
nonsmokers.  This  finding  provides  direct  evidence  that  passive  smoking 
may  cause  endothelial  dysfunction  of  the  coronary  circulation  in  non- 
smokers. 

The  Evolution  of  /J^-Agonists — Sears  MR  Respir  Med  2001  .Aug;95: 
S2-S6.  /3-agonists  have  been  widely  used  in  the  treatment  of  asthma  for 
many  years  Although  concerns  have  been  expressed  over  their  safety 
based  largely  upon  epidemics  of  increased  mortality  In  asthmatics  asso- 
ciated with  high  doses  of  isoprenaline  in  the  1960s  and  fenoterol  in  the 
1970s  and  198()s.  the  specific  ^i-'igonists  are  vital  drugs  in  asthma  man- 
agement.The  short-acting  jS^-agonists  have  an  important  prophylactic 
role  in  the  prevention  of  exercise-induced  bronchoconstriction,  and  are 
essential  in  the  emergency  treatment  of  severe  asthma.  However,  little  if 
any  benefit  seems  to  be  derived  from  regular  use  of  short-acting  J3,- 
agonists  and  regular  or  frequent  use  can  increase  the  severity  of  the 
condition.  The  development  of  3,-agonists  with  long-acting  properties, 
such  as  salmeterol  and  formoterol.  has  provided  advantages  over  short- 
acting  P-agonists.  such  as  prolonged  bronchodilation.  reduced  day-  and 
night-time  symptoms  and  improved  quality  of  sleep,  and  has  reduced  the 
requirement  for  short-acting  p,-agonists  as  relief  medication.  Both  drugs 
are  well  tolerated  and.  when  added  to  inhaled  corticosteroids,  produce 
greater  mprovement  in  lung  function  than  increased  steroid  dose  alone. 
Because  of  its  rapid  onset  of  action,  formoterol  also  has  the  potential  to 
be  used  for  as-needed  bronchodilator  therapy  in  asthma. 

Pharmacological  Similarities  and  Differences  Between  ^j'^goxi^t^ — 

Lot\all  J.  Respir  .Med  2001  Aug;95:S7-Sl  I . 

Formoterol  and  salmeterol  are  both  long-acting  bronchodilators  that  are 
effective  in  the  treatment  of  asthma.  However,  some  differences  exist  in 
their  pharmacology  that  are  reflected  in  their  clinical  profiles.  Formolenil 
has  a  rapid  onset  of  action,  whereas  salmeterol  causes  bronchodilation  in 
a  soinew hat  slower  manner.  Hov^ev er.  both  ofthese  drugs  are  long-acting. 
After  single  doses  clear  effects  are  maintained  for  12  h  after  inhalation, 
and  with  high  doses  effects  arc  observed  even  at  24  h.  Differences  be- 
tween the  maximal  effects  of  both  drugs  are  also  a  consequence  of  their 
pharmacological  properties.  Thus,  formoterol  has  higher  intrinsic  activity 
than  salmeterol.  which  means  that  it  is  a  full  agonist,  whereas  salmeterol 
is  a  partial  agonist  on  the  /3,-recepior.  Physicochemical  properties  of  the 
drugs  may  explain  the  differences  in  onset  and  duration  of  action.  Ade- 
quate water  solubility  and  moderate  lipophilicity  of  formoterol  ensures 
rapid  diffusion  to  the  /3,-receptor  on  the  smooth  muscle  and  rapid  bron- 
chodilating  activity.  Salmeterol.  on  the  other  hand,  may  diffuse  more 
slowly  to  the  p,-receptor  because  of  its  high  lipophilicity  explaining  the 
slower  onset  of  action.  Unlike  salbutamol,  which  is  hvdrophilic  and  has 
a  rapid  onset  and  short  duration  of  action,  both  formoterol  and  salmeterol 
possess  adequate  lipophilic  properties  to  remain  in  the  ainvay  tissues  as 
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a  dcpiil  in  close  vicinity  lo  llic  jS^-receptor.  cvplaininy  ihcir  long  Juralion 
of  elTecl.  The  long  duration  of  salmelerol  has  also  been  suggested  to 
depend  on  an  anchored  binding  within  the  (3i-receptor.  The  pharmaco- 
logical evidence  for  a  rapid  onset  of  action  of  forniolerol.  but  long  du- 
ration of  effecl,  is  supported  bv  several  clinical  studies.  The  fast  onset  of 
broiichodilation  and  high  intrinsic  activity  of  fornimcrol  thcrclbre  sug- 
gest thai  it  can  be  used  lor  relief  treatment  in  patients  v\ith  asthma  if  they 
are  concomitantly  treated  with  inhaled  glucocorticoids. 

Clinical  Outcome  of  .Adding  Lonc-.\ctin|>  fi  -.\t>unists  to  Inhak'd 
Corticosteroids     Barnes  I'J.  Respir  Med  :(K)1  .•\ug:y?;Si:-.Sl(i. 

Current  asthma  management  guidelines  state  that  where  a  patient  is  re- 
ceiving a  low  to  moderate  dose  of  inhaled  corticosteroids  and  is  still 
experiencing  symptoms  the  dose  of  corticosteroid  should  be  increased 
and,  if  necessary,  a  long-acting  bronchodilator  should  he  added.  Many 
studies  have  now  shown  that  the  addition  of  a  p,-agiinist  with  long-acting 
properties  is  more  effecli\e  at  controlling  asthma  symptoms  than  increas- 
ing the  dose  of  corticosteroid  alone.  The  Fornioterol  and  Corticosteroid 
Establishing  Therapy  (FACET)  study  was  a  12-month  study  comparing 
exacerbation  rates  in  patients  treated  with  budesonide  ( 1 00  microg  or  400 
niicrog)  twice  daily  alone  vs.  treatment  with  budesonide  (100  microg  or 
4(K)  microg)  twice  daily  plus  formoterol  9  microg  twice  daily  (delivered 
dose).  The  addition  of  formoterol  reduced  the  rates  of  mild  and  severe 
exacerbations  compared  with  budesonide  alone,  with  the  lowest  rates 
seen  in  patients  recei\ing  high-dose  budesonide  and  formoterol.  There 
was  no  difference  in  the  profile  of  exacerbations  in  any  groups,  indicating 
formoterol  does  not  mask  any  signs  of  inflammation.  The  addition  of 
formoterol  to  budesonide  was  also  shown  to  result  in  improved  lung 
function  (as  measured  by  peak  expiratory  flow  rale  and  forced  expiratory 
volume  in  I  second),  night-time  awakenings  and  the  use  of  as-needed 
medication  when  compared  with  an  increase  in  the  dose  of  budesonide. 
In  all  cases,  increasing  the  dose  of  budesonide  and  addition  of  formoterol 
resulted  in  the  most  impro\enient  and  a  significant  increase  in  quality  of 
life,  measured  by  Asthma  Quality  of  Life  Questionnaire  (.-VQLQ).  was 
noted.  In  conclusion,  the  addition  of  formoterol  to  established  treatment 
with  inhaled  corticosteroids  provides  superior  asthma  control  compared 
with  an  increase  in  the  dose  of  corticosteroid  alone. 

The  Importance  of  the  Device  in  .Asthma  Therapy — Borgstrom  L. 
Respir  Med  2001  Aug;9.'>:S26-S29. 

Inhalation  is  the  preferred  route  for  drug  delivery  in  asthma  treatment. 
Successful  management  of  asthma  depends  on  achieving  adequate  de- 
livery of  inhaled  drug  to  the  lungs,  and  to  this  end  the  role  of  the  device 
used  for  delivery  is  very  important.  Aerosolized  anti-asthma  medications 
have  been  available  for  more  than  40  years  as  pressurized  metered  dose 
inhalers  (pMDIs),  but  more  recently  dry  powder  inhalers  (DPIs)  have 
been  developed  as  an  alternative.  Laboratory  assessment  of  fine  particle 
dose  has  been  shown  to  correlate  to  pulmonary  deposition  if  the  assess- 
ments are  performed  with  an  in  vivo-like  set  up.  The  DPI  Turbuhaler 
delivers  a  high  proportion  of  the  dose  as  fine  particles  suggesting  high 
pulmonary  deposition.  This  finding  has  been  confirmed  by  lung  deposi- 
tion studies,  which  indicate  superior  pulmonary  deposition  from  Turbu- 
haler compared  with  a  pMDI.  This  superior  delivery  to  the  lungs  with 
Turbuhaler  is  reflected  in  a  better  clinical  effect,  as  measured  by  greater 
improvements  in  lung  function.  The  DPIs  such  as  Turbuhaler  are  easy  to 
use,  and  Turbuhaler  has  been  shown  to  function  well  in  a  constrained 
situation  such  as  an  acute  asthmatic  exacerbation.  Furthermore,  the  use  of 
Turbuhaler  in  acute  asthma  will  provide  rapid  clinical  improvement.  The 
in  vivo  variability  in  lung  deposition  obtained  vsith  Turbuhaler  is  lower 
than  with  p.MDI.  indicating  that  the  performance  of  Turbuhaler  is  less 
dependent  on  patient  competence.  Thus,  the  development  of  Turbuhaler 
represents  an  important  step  forward  in  the  eflective  management  of 
asthma. 
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KliAtiilH'  Killictonu'ln  liir  DoUi'minaliiin  of  Sili's  of  I'pper  Airway 
Narrow inj;  in  .Sluepinn  ()l)striKti\e  Sloop  Apnoea  I'atiunts  l\iliei 
CL.  HillxTg  (),  JcnsL-n  I'l,  Ncincgaard  O.  Giynicr  I..  Rcspir  MccJ  2001 
Aug:95(8);639-648. 

The  aim  of  ihis  study  was  to  examine  a  new  technique  based  on  sound 
rellections  in  a  flexible  tube  for  identifying  obstruetive  sites  of  the  upper 
airway  during  sleep.  There  was  no  significant  difference  between  two 
nights  in  seven  obstructive  sleep  apnoea  (OSA)  patients  regarding  the 
level  distribution  of  pharyngeal  narrowings.  when  the  pharynx  was  di- 
vided into  two  segments  (retropalatal  and  retrolingual).  We  also  com- 
pared the  le\el  distribution  determined  by  magnetic  resonance  imaging 
(MRU  with  the  level  distribution  found  by  tlextuhe  relleclometry  in 
seven  OSA  patients.  There  was  no  significant  difference  between  Ilex- 
tube  and  MRl  level  distributions  during  obstructive  events,  but  due  to 
few  subjects  the  power  of  the  test  was  limited.  We  found  a  statistically 
significant  correlation  between  the  number  of  tlextube  narrowings  per 
hour  of  sleep  and  the  number  of  obstructive  apnoeas  and  hypopnoeas  per 
hour  of  sleep  determined  by  polysomnography  (PSG)  in  21  subjects 
(Spearman's  correlation  coefficient  r  =  0.79.  p  <  0.001 ).  In  conclusion, 
the  tlextube  retlectometry  system  seems  to  be  useful  for  level  diagnosis 
in  OSA  before  and  after  treatment. 


IK  Icmalcs.  ."i."!  A  1  I  years):  1211  patients  had  abnurnial  pulmonary  func- 
tion tests,  i.e.  one  or  more  flow  or  \olume  under  80"r  or  above  120'^t  of 
predictive  value  (group  1)  and  9.^^  had  normal  pulmonary  function  tests 
(group  II).  Hypercapnia  was  defined  as  P,,,),  >  6.0  kPa  and  hypoxia  as 
P,,,,  <  9.3  kPa.  Patients  \\ith  abnormal  pulmonary  function  tests  were 
more  hypoxic  and  hypercapnic.  more  obese,  and  had  a  higher  apnoea- 
hypopnoea  index  (p  <  0.05).  Seventeen  patients  of  group  I  and  four  of 
group  II  were  hypercapnic  (13.6%  and  43%.  respectively).  Thirty-one 
patients  in  group  I  (24.8'7f )  had  a  P„o,  <  9.3  kPa  and  six  (6.5%)  in  group 
II.  Stepwise  multiple  regression  analysis  showed  that  in  group  II.  only 
two  factors  were  correlated  with  P^cn,-  mean  apnoea  duration  and  FRC 
(respectively:  c  =  0.228.  p  <  0.001;  c  =  0.006.  p  =  0.108);  and  only  two 
with  P^o.:  "T^-'n  apnoea  duration:  ic  =  -0.218,  p  =  0.029)  and  BMI  (c  = 
-3.72.  p  <  0.0001 ).  Daytime  hypercapnia  is  present  in  4.3%  and  daytime 
hypoxia  in  6.5%  of  patients  with  occlusive  sleep  apnoea  syndrome  and 
normal  pulmonary  function  tests.  These  alterations  in  blood  gases  in 
OSAS  with  normal  pulmonary  function  tests  should  be  considered  as 
OSAS  severity  criteria. 

Sleep  and  Behavior  Problems  in  School-.\ged  Children — Stein  MA. 

Mendelsohn  J.  Ohermeyer  \\H.  .Amromin  J,  Benca  R.  Pediatrics  2001 
Apr;107(4):E60. 


The  Clinical  I  tility  of  Arterialized  Earlobe  Capillary  Blood  in  the 
.\ssessment  of  Patients  for  Long-Term  Oxygen  Therapy — Eaton  T, 
Rudkin  S.  Garrett  JE.  Respir  Med  2001  Aug;95(8):655-660. 

The  prescription  of  long-term  oxygen  (LTOT)  is  underpinned  by  the 
measurement  of  arterial  Pq..  generally  obtained  by  radial  artery  puncture. 
This  test  is  commonly  associated  with  patient  discomfort  and  a  test  that 
is  reliable,  well-tolerated  and  non-invasive  would  he  advantageous.  Cu- 
taneous oximetry  has  not  proved  sufficiently  accurate.  Arterialized  ear- 
lobe  capillary  sampling  has  been  proposed,  with  some  authors  stating  that 
it  is  under-utilized.  However,  to  date  studies  have  yielded  conflicting 
results  and  the  clinical  utility  remains  uncertain.  Our  regional  oxygen 
service  based  at  a  specialist  respiratory  hospital  undertook  a  prospective 
study  of  consecutive  patients  with  chronic  respiratory  disease  undergoing 
assessment  for  LTOT.  Simultaneous  radial  artery  and  arterialized  earlobe 
sampling  was  performed.  Rigorous  steps  were  taken  to  ensure  optimal 
arteriali/ation  of  the  earlobe  samples.  Agreement  between  arterial  and 
arterialized  P,,,  and  P^-q,  was  compared  using  the  Bland- Altman  method. 
One  hundred  patients  were  studied.  Procedural  difficulties  (insufficient 
sample  or  air  in  sample)  were  similar  for  both  procedures,  however 
clotting  occurred  more  frequently  in  arterialized  earlobe  samples.  Sixty- 
four  sample  pairs  were  available  for  comparison.  The  bias  and  limits  of 
agreement  between  arterialized  and  arterial  Po,  were  wide,  mean  (±  2 
SD).  -048  (-2.05-1.09)  kPa.The  bias  and  limits  of  agreement  for  Pco, 
were  smaller.  Using  the  absolute  criterion  (arterial  P,,,  <7.3  kPa).  9/55 
( 16%)  patients  would  receive  oxygen  inappropriately  based  on  the  arte- 
rialized earlobe  sample.  Conversely,  no  patients  would  have  been  denied 
LTOT.  Radial  artery  puncture  gave  rise  to  significantly  greater  discom- 
fort (p  '  -  0.0001 1  and  level  of  concern  (p  <  0.(H)()l ).  Patient  preference 
strongly  favoured  arterialized  earlobe  sampling.  However,  despite  rigor- 
ous attention  to  arterialization  earlobe  sampling  was  insufficiently  accu- 
rate to  replace  radial  artery  puncture  in  the  prescription  of  LTOT. 

Prevalence  of  Daytime  Hypercapnia  or  Hypoxia  in  Patients  with 
OS.AS  and  Normal  Lung  Function — Venn  h.  Tardif  C.  Pasquis  P. 
Respir  Med  2001  Aug:')5(8):693-696. 

The  purpose  ol  (his  study  was  (o  determine  factors  increasing  daytime 
Puco.  "f  P.ii).  'f  obstructive  sleep  apnoea  syndrome  patients  (OS.AS)  with 
normal  pulmonary  function  tests.  Anthropometric,  pulmonary  function 
tests,  arterial  blood  gases  and  sleep  polygraphic  data  were  analysed  ret- 
rospectively in  218  OSAS  patients  (apnoea-hypopnoea  index  >  15  h  ': 


OBJECTIVES:  The  primary  purposes  of  the  present  study  were  to  survey 
the  prevalence  of  sleep  problems  in  school-aged  children  and  to  examine 
these  associations  with  parental  perception  of  sleep  problems,  medical 
history,  and  childhood  psychopathology.  METHODS:  Sleep  and  medical 
history  questionnaires  and  the  Child  Behavior  Checklist  were  adminis- 
tered to  the  parents  of  472  children  between  ages  4  and  12  years  receiving 
routine  pediatric  care  from  urban,  rural,  and  suburban  pediatric  practices. 
RESULTS:  Although  sleep  problems  were  reported  for  10.8%  of  the 
sample  during  the  past  6  months,  less  than  one  half  of  the  parents  who 
identified  sleep  problems  reported  that  they  had  discussed  sleep  with 
their  child's  pediatrician.  The  best  predictor  of  current  sleep  problems 
was  a  history  of  sleep  problems  before  age  2  years.  Sleep  problems  such 
as  snoring,  tiredness  during  the  day,  and  taking  excessive  time  to  fall 
asleep  were  very  common,  occurring  at  least  1  night  per  week  in  over 
20%  of  the  total  sample.  Factor  analysis  of  the  sleep  problems  question- 
naire resulted  in  5  sleep  problem  factors  that  accounted  for  58.7%  of  the 
variance.  Specific  sleep  problem  factors  include:  parasomnias.  enuresis/ 
gags,  tiredness,  noisy  sleep,  and  insomnia.  Sleep  problem  factor  scores 
were  differentially  associated  with  medical  history  variables  and  mea- 
sures of  childhood  psychopathology.  Children  rated  highly  on  parasom- 
nias were  more  likely  to  have  frequent  falls  and  to  display  pica.  Para- 
somnias and  noisy  sleep  were  inversely  associated  with  socioeconomic 
status  (SES).  Children  from  lower  SES  families  were  rated  higher  on 
these  factors  than  children  from  higher  SES  families.  Enuresis/gags  was 
the  only  sleep  problem  factor  associated  with  age.  'Vounger  children 
scored  higher  on  this  factor.  Duration  of  naps  was  highly  correlated  w ith 
age  and  with  bed  times  during  the  week  and  weekends.  .■\s  expected, 
younger  children  were  more  likely  to  nap  lor  longer  periods  and  to  have 
earlier  bed  times.  In  addition,  higher  tiredness  factor  scores  were  asso- 
ciated with  napping  and  with  later  bed  times  during  the  week  and  week- 
end. Boys  were  much  more  likely  than  were  girls  to  ha\e  higher  scores 
on  enuresis/gags.  and  higher  enuresis/gags  scores  were  associated  with 
an  increased  prevalence  of  trauma  and  falls.  Bed  times  were  not  associ- 
ated with  any  other  sleep  problem  factor  score.  Children  rated  highly  on 
tiredness  were  more  likely  to  have  a  history  of  hospitalizations.  Tiredness 
factor  scores  were  strongly  associated  with  the  sleep  practice  of  sharing 
a  bed  but  not  with  sharing  a  room.  Sharing  a  room  was  not  associated 
with  any  sleep  problem  factor  score.  High  scores  on  noisy  sleep  were 
associated  with  allergies,  falls  frequently,  and  with  sharing  a  bed.  Chil- 
dren with  high  scores  on  the  insomnias  were  also  more  likely  to  display 
an  increased  prevalence  of  allergies.  CONCLUSIONS:  Parental  percep- 
tion of  global  sleep  problems  was  surprisingly  common  in  school-aged 
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children  receiving  routine  pediatric  care.  Parental  reports  of  their  chil- 
dren's sleep  problems  may  be  a  red  flag  for  specific  sleep  problems  and 
psychiatric,  social,  or  medical  problems.  Sleep  problems  should  be  que- 
ried about  during  pediatric  visits  for  school-aged  children. 

Effectiveness  of  a  High  School  Smoking  Cessation  Program — Adel- 
man  WP.  Duggan  AK.  Hauptman  P,  Joffe  A.  Pediatrics  2001  Apr.l07(4): 
E.'iO. 

OBJECTIVE:  To  evaluate  the  impact  of  a  school-based  smoking  cessa- 
tion program  targeting  adolescents  interested  in  quitting.  DE,S1GN:  Ran- 
domized clinical  trial  over  one  school  year.  SE'ITING:  Large  public  high 
school.  P.ARTICIPANTS:  Students  interested  in  quitting  smoking.  IN- 
TERVENTION: Seventy-four  students  were  randomized  to  receive  ei- 
ther: 1)  a  6-week,  8-session.  classroom-based,  smoking  cessation  curric- 
ulum designed  for  adolescents  (n  =  .Vi)  or  2)  an  informational  pamphlet 
on  hovs  to  quit  smoking  with  promise  of  the  classroom  curriculum  in  3 
months  (n  =  39).  OUTCOME  MEASURES:  Change  in  smoking  behav- 
ior measured  by:  I )  self-reported  smoking  cessation  and  exhaled  carbon 
monoxide  <6  parts  per  million  (smoke-tree):  2)  selt-rcported  quit  at- 
tempts; and  3)  change  in  cigarettes  per  day  (cpd)  at  the  end  ol  the  6-week 
curriculum  and  then  4,  10.  and  20  weeks  later.  Saliva  cotinine  was  also 
measured  at  these  points  to  validate  these  outcome  measures.  Analysis. 
Intention-to-treat.  RESULTS:  Participants  in  the  classroom  group  at- 
tended an  average  of  4.4  sessions.  At  the  end  of  the  curriculum,  the 
classroom  group  was  significantly  more  likely  to  be  smoke-free  (.'59%  vs 
17%),  to  have  tried  to  quit  smoking  (829r  vs  .S4'a  ).  and  to  reduce  mean 
cpd  (7.0  vs  1 .0)  Four  weeks  later,  these  differences  persisted:  smoke-free 
(52%  vs  HT/c).  quit  attempt  (S.'i'/r  vs  60%).  and  reduction  in  mean  cpd 
(6.6  vs  1.6).  Changes  in  saliva  cotinine  were  consistent  with  reported 
outcome  measures:  those  who  were  snioke-lree  had  a  significant  reduc- 
tion in  saliva  cotinine  at  the  end  of  ihe  intervention,  and  at  4  weeks.  At 


10  and  20  weeks  after  the  curriculum.  41%  and  31%.  respectively,  of  the 
classroom  group  remained  smoke-free.  Once  participants  in  the  pamphlet 
group  underwent  the  classroom  intervention  (average  attendance  of  2.2 
sessions)  their  cessation  rates  were  similar  to  the  initial  group:  31%  at  the 
end  of  the  curriculum  and  27%  10  weeks  later.  CONCLUSION:  A  school- 
based  curriculum  for  adolescent  smoking  cessation  is  more  effective  than 
an  informational  pamphlet  alone  and  reduces  cigarette  use  by  adoles- 
cents. More  research  is  needed  to  test  the  reproducibility,  sustainability. 
and  generalizability  of  this  cumculum  to  offer  more  smoking  cessation 
options  to  teenagers. 

.Asthma  Severitv  and  Ade(|uac.\  of  Management  in  .\ccident  and 
Einergencv  Departments  in  France:  \  Prospective  Study — Salmeron 
S.  Liard  R.  LIkliarral  U,  Muir  J.  Nciikirch  F.  Rllrodt  A.  Lancet  2(X)I  Aug 
25:358(9282):629-635. 

Background:  Recent  guidelines  have  enabled  doctors  lo  establish  acci- 
dent and  emergency  department  management  strategies  for  acute  asthma 
on  the  basis  of  sev  eritv  of  exacerbations  at  presentation.  However,  there 
is  no  available  information  on  acute  asthma  patients  classified  according 
to  severity  of  disease.  Our  aim  was  to  describe  the  severity  of  such 
exacerbations  at  presentation,  and  the  adequacy  of  treatment  and  man- 
agement. Methods:  We  did  a  12-month  multicentre  cross-sectional  ob- 
servational cohort  study  in  adult  patients  with  acute  asthma  who  attended 
one  of  37  accident  and  emergency  departments  in  France.  The  doctors 
who  examined  the  patients  obtained  information  using  a  formatted  chart. 
We  classified  exacerbations  according  to  severity  (life-threatening,  se- 
vere, or  mild  to  moderate),  on  the  basis  of  clinical  findings  and  peak 
expiratory  fiow  value,  as  defined  b\  currently  used  guidelines.  Findings: 
Of  3772  patients  with  acute  asthma.  975  (26%)  had  life-threatening  at- 
tacks. IS.W  (49%-)  had  severe  exacerbations  without  life-threatening  fea- 
tures, and  963  (26%)  had  mild  lo  mixierate  exacerbations.  Initial  trcal- 
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incnl  incliulod  nebulised  ^;  agonists.  anliL-holineryics.  and  systemic 
cortKostcroids  in  3492  (93'7f).  1841  (49<;rl.  and  2252  (6()'*).  respec- 
tively. According  to  severity  classification,  anticholinergics  were  used  in 
494  (.SI'*).  913  (50'*  I.  and  4.^4  (45";^)  of  patients  in  lite-threatening, 
severe,  and  mild  to  moderate  exacerbations  groups,  respectively;  corti- 
costeroids were  given  in  fifid  (68'2).  1117  (61'7f).  and  468  (49'7r).  re- 
spectively. The  overall  admission  rate  was  54.2'/f .  and  mean  stay  was  6.1 
(SD  6.0)  days.  Patients  were  adinitted  in  747  (777f ),  1018  (55'7c),  and  278 
(29*^)  of  cases  in  life-threatening,  severe,  and  mild  to  moderate  groups, 
respectively.  Three  patients  died  in  hospital.  Interpretation:  Acute  asthma 
exacerbations  are  often  life-threatening  in  patients  who  attend  accident 
and  emergency  departments,  and  management  of  patients  is  not  ideal, 
mainly  because  of  underusc  of  corticosteroids  and  inappropriate  admis- 
sion rates  according  to  severity. 

KfTcct  of  Postpyloric  Feeding  on  Gastroesophageal  Regurgitation  and 
i'ldnionary   Microaspiration:  Results  of  a  Randomized  Controlled 

Trial— Hey  land  DK.  Dro\er  JVW  .MacDonald  S.  .\o\ak  F.  Lam  M.  Crit 
Care  Med  2001  Aug:29(8):1495-1501. 

OBJECTIVE;  To  determine  the  extent  to  which  postpyloric  feeding  re- 
duces gastroesophageal  regurgitation  and  pulmonary  microaspiration  in 
critically  ill  patients.  DESIGN:  Randomized  trial.  SETTING:  A  medical/ 
surgical  intensive  care  unit  at  a  tertiary  care  hospital.  PARTICIPANTS: 
Intensive  care  unit  patients  were  expected  to  remain  ventilated  >72  hrs. 
We  excluded  patients  w  ith  esophageal,  gastric,  or  small  bowel  surgery  in 
the  last  week  and  patients  with  overt  or  clinically  significant  gastroin- 
testinal bleeding.  We  studied  33  patients;  42.4%  were  female,  mean  age 
(sdl  was  59.2  (r  16.8)  yrs,  and  mean  Acute  Physiology  and  Chronic 
Health  Evaluation  II  score  was  22.5  (7.8).  INTERVENTIONS:  Patients 
were  randomized  to  gastric  or  postpyloric  enteral  feeds.  Technetium 
99-sulphur  colloid  was  added  to  the  feeds  for  6  hrs  of  each  of  the  first  3 
days  on  study.  MEASUREMENTS  AND  RESULTS:  We  sampled  the 
oropharynx  and  trachea  hourly  for  the  6  hrs  per  day  that  patients  received 
radioisoiope-labeled  enteral  feeds,  and  the  level  of  radioactivity  in  these 
specimens  was  measured.  We  defined  an  episode  of  gastroesophageal 
regurgitation  and  microaspiration  as  an  increase  in  radioactivity  >100 
counts  per  minute/g.  Patients  fed  into  the  stomach  had  more  episodes  of 
gastroesophageal  regurgitation  (39.8%  vs.  24.9"*,  p  =  0.04)  and  trended 
toward  more  microaspiration  (7.5'7t  vs.  3.9%.  p  =  0.22)  compared  with 
patients  fed  beyond  the  pylorus.  When  the  logarithmic  mean  of  the  ra- 
dioactivity count  was  compared  across  groups,  there  was  a  trend  toward 
an  increase  in  gastroesophageal  regurgitation  (3.7  vs.  2.9  counts/g.  p  = 
0.22)  and  a  trend  tow ard  increased  microaspiration  ( 1 .9  vs.  1 .4  counts/g. 
p  =  0.09)  in  patients  fed  into  the  stomach.  Patients  who  had  gastroesoph- 
ageal regurgitation  were  much  more  likely  to  aspirate  than  patients  who 
did  not  have  gastroesophageal  regurgitation  (odds  ratio:  3.2;  95'7c  con- 
fidence interval;  1.36.  7.77).  CONCLUSIONS;  Feeding  beyond  the  py- 
lorus is  associated  with  a  significant  reduction  in  gastroesophageal  re- 
gurgitation and  a  trend  toward  less  microaspiration. 

Radiologic  Determination  of  Intravascular  Volume  Status  Using  Por- 
table. Digital  Chest  Radiography:  .\  Prospective  Investigation  in  11)0 

Patients— Ely  E\\ .  Smith  AC.  Chiles  C.  Aquino  SI..  Harle  TS.  E\ans 
GW.  Haponik  ER  Crit  Care  Med  2001  Aug;29(8):  1502-1512. 

OBJECTIVE;  To  answer  the  following  questions;  Can  the  digital  chest 
roentgenogram  (CXR)  be  used  to  differentiate  patients"  volume  status? 
Do  clinical  data  alter  radiologists'  accuracy  in  interpreting  the  digital 
CXR?  DESIGN;  Prospective  cohort  study.  SETTING:  Nine  adult  inten- 
sive care  units  of  a  tertiary  care  medical  center.  PATIENTS:  One  hun- 
dred thirty-five  consecutive  patients  with  pulmonary  artery  catheters,  of 
whom  35  were  excluded  because  of  unacceptable  pulmonary  artery  oc- 
clusion pressure  (PAOP)  tracings.  METHODS;  Each  patient  had  a  por- 
table, anteroposterior,  supine  digital  CXR.  Clinicians  evaluated  volume 


status  and  then  measured  hemodynamic  data  within  I  hr  of  the  CXR. 
Digital  CXRs  were  independently  interpreted  on  two  separate  occasions 
(with  and  without  clinical  intormation)  by  three  experienced  chest  radi- 
ologists, and  these  interpretations  were  compared  with  hemodynamic 
data.  RESULTS:  Of  the  1 00  patients.  39  had  PAOP  :  - 1 8  mm  Hg.  whereas 
61  had  PAOP  <18  mm  Hg.  Radiologists'  accuracy  in  differentiating 
volume  status  increased  with  incorporation  of  clinical  data  (569r  without 
vs.  65%  with  clinical  data,  p  =  0.(X)9).  Using  objective  receiver  operating 
characteristic -derived  cutoffs  of  70  mm  for  vascular  pedicle  width  and 
0.55  for  cardiothoracic  ratio,  radiologists'  accuracy  in  differentiating 
PAOP  >  18  mm  Hg  from  PAOP  <  18  mm  Hg  was  70'7f.  The  intrareader 
and  the  inter-reader  correlation  coefficients  were  very  high.  The  likeli- 
hood ratio  of  the  CXR  in  determining  volume  status  using  the  objective 
vascular  pedicle  width  and  cardiothoracic  ratio  measures  was  3.1  (95'7r 
confidence  interval.  1.9-6.01.  significantly  higher  than  subjective  CXR 
interpretations  with  and  without  clinical  data  (p<. 001 1.  CONCLUSIONS: 
Differentiating  intravascular  volume  status  with  portable,  supine,  digital 
CXRs  may  be  improved  by  using  objective  cutoffs  of  vascular  pedicle 
width  >70  mm  and  cardiothoracic  ratio  >0.55  or  by  incorporating  clin- 
ical data. 

.\cute  Cor  Pulmonale  in  .Atute  Respiratory  Distress  Syndrome  Sub- 
mitted to  Protective  \entilation:  Incidence,  Clinical  Implications. 
and  Prognosis — Vieillard-Baron  A.  Schmilt  JM.  Augarde  R.  Fellahi  JL. 
Prin  S.  Page  B.  et  al.  Crit  Care  Med  2001  Aug;29(8):1551-1555. 

CONTEXT:  The  incidence  of  acute  cor  pulmonale  (ACP).  a  frequent  and 
usually  lethal  complication  of  acute  respiratory  distress  syndrome  ( ARDS) 
during  traditional  respiratory  support,  has  never  been  re-evaluated  since 
protective  ventilation  gained  acceptance.  OBJECTIVE:  We  performed  a 
longitudinal  transesophageal  echocardiographic  (TEE)  study  to  deter- 
mine whether  this  incidence,  and  its  severe  implications  for  prognosis, 
might  have  changed  in  our  unit  as  we  altered  respiratory  strategy.  DE- 
SIGN: Prospective  open  clinical  study.  SETTING:  Medical  intensive 
care  unit  of  a  university  hospital.  P.ATIENTS:  Seventy-five  consecutive 
ARDS  patients  given  respiratory  support  w ith  airway  pressure  limitation 
(plateau  pressure  s  30  cm  H,0).  INTERVENTIONS:  ACP  was  defined 
as  a  ratio  of  right  ventficular  end-diastolic  area  to  left  ventricular  end- 
diastolic  area  in  the  long  axis  >  0.6  associated  with  septal  dyskinesia  in 
the  short  axis  during  TEE  examination.  RESULTS:  Normal  right  ven- 
tricular function  was  present  in  56  patients,  whereas  right  ventricular 
dysfunction  was  observed  in  19  patients  after  2  days  of  respiratory  sup- 
port. ACP  was  associated  with  pulmoniu'y  artery  hypertension,  increased 
heart  rate,  and  decreased  stroke  index.  Significant  impairment  of  left 
ventricular  diastolic  function  was  also  seen.  .■Ml  echo-Doppler  abnormal- 
ities were  reversible  in  patients  who  recovered,  and  the  mortality  rate  was 
the  same  in  both  groups  (329r).  However.  ACP  patients  who  recovered 
required  a  longer  period  of  respiratory  support.  A  multivariate  analysis 
individualized  P.,ro.  I^^^l  i^  'he  sole  factor  independently  associated 
with  .ACP.  suggesting  that  .ACP  development  in  .-XRDS  is  infiuenced  by 
the  severity  of  lung  damage  and/or  the  respiratory  strategy.  CONCLU- 
SION: Evaluation  of  right  ventricular  function  by  TEE  in  a  group  of  75 
ARDS  patients  submitted  to  protective  vemilatiim  revealed  the  persis- 
tence of  a  25'7f  incidence  of  ACP.  resulting  in  detrimental  hemodv  namic 
consequences  associated  with  tachycardia.  However.  ACP  was  reversible 
in  patients  who  recovered  and  did  not  increase  mortality. 

Repetitive  High-Pressure  Recruitment  Maneuvers  Required  to  Max- 
imally Recruit  lung  in  a  Sluep  Model  of  \ciite  Respiratory  Distress 
Syndrome — Fujino  V.  Goddon  S.  Dolhnikolf  M.  Hess  D.  .Aniato  MB. 
Kacmarek  RM.  Crit  Care  Med  2«)1  .Aug:29( 8):  1579-1586. 

(JBJLCriVE:  To  compare  the  effects  of  two  different  recruitmenl  ma- 
neuvers repeated  multiple  times  on  gas  exchange  lung  injury,  hemody- 
namic, and  lung  mechanics.  DESIGN:  Randomized  prospective  compar- 
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ison.  SETTINGS:  Animal  research  laboratory.  SUBJLCI :  Nimrlccn  laMcd 
H;inipshirc  sheep.  INTERVENTIONS:  In  15  27-kg  sheep  wiih  saline 
la\ai;e  liini;  injury,  we  compared  the  elTects  of  two  recruitnieni  maneu- 
vers: 40  cm  H,0  coniinuous  positive  airway  pressure  lor  60  sees  and  40 
cm  H,0  positive  end-e\piralory  pressure  with  20  cm  H,0  pressure  con- 
trol, rate  10  breaths/min.  inspiratory  to  expiratory  ratio  1:1  tor  2  mins. 
Each  recruitment  maneuver  was  repeated  tour  times,  every  M)  mins  after 
a  30-sec  ventilator  disconnection.  An  additional  group  received  no  re- 
cruitment maneuvers.  Animals  were  assigned  randomly  to  the  three  groups 
and  ventilated  w ith  20  cm  H,0  positive  end-expiratory  pressure,  pressure 
control  15  cm  HiO.  rate  20  breaths/min.  inspiratory  to  expiratory  ratio 
1:1.  and  F,,),  1.0  between  recnntment  maneuver  periods.  MEASURE- 
MENTS AND  MAIN  RESULTS:  Significant  and  marked  increases  in 
P..O.  "'^"■^  observed  in  the  pressure  control  recruitment  maneuver  group 
but  only  after  the  second  recruitment  maneuver.  In  both  the  control  group 
and  continuous  positive  airway  pressure  groups.  Pj,,,  did  not  signitl- 
eanlly  increase  after  any  recruitment  maneuver  compared  with  baseline 
injury.  There  was  a  significant  decrease  in  cardiac  output  immediately 
after  some  continuous  positive  airway  pressure  recruitment  maneuvers 
and  a  significant  increa,se  in  mean  pulmonary  artery  pressure  in  both 
continuous  positive  airway  pressure  and  pressure  control  groups  imme- 
diately after  recruitment  maneuvers,  but  these  changes  resolved  within  10 
mins.  There  were  no  marked  histologic  differences  between  groups  and 
no  \olulrauma.  CONCLUSION:  In  this  model,  maximal  lung  recruitment 
was  obtained  with  40  cm  H,0  positive  end-expiratory  pressure  and  20 
cm  H,0  pressure  control  applied  repetitively  every  30  mins  for  2  mins 
without  physiologic  or  histologic  harm.  Multiple  recruitment  maneuvers 
in  some  animals  were  required  for  maximum  effect. 


Relative  Roles  of  Vascular  and  Airspace  Pressures  in  Ventilator- 
Induced  I.ung  Injury — Holchkiss  JR  Jr.  Blanch  L.  Naveira  A.  Adams 
AB,  Carter  C,  Olson  DA,  et  al.  Crit  Care  Med  2001  Aug;29(8):1593- 
1598. 

OBJECTIVE:  To  determine  whether  elevations  in  pulmonary  vascular 
pressure  induced  by  mechanical  ventilation  are  more  injurious  than  ele- 
vations of  pulmonary  vascular  pressure  of  similar  magnitude  occurring  in 
the  absence  of  mechanical  ventilation.  DESIGN:  Prospective  compara- 
tive laboratory  investigation,  SETTING:  University  research  laboratory. 
SUBJECTS:  Male  New  Zealand  white  rabbits.  INTERVENTIONS:  Three 
groups  of  isolated,  perfused  rabbit  lungs  were  exposed  to  cyclic  elevation 
of  pulmonary  artery  pressures  arising  from  either  intermittent  positive 
pressure  mechanical  ventilation  or  from  pulsatile  perfusion  of  lungs  held 
motionless  by  continuous  positive  airway  pressure.  Peak,  mean,  and  na- 
dir pulmonary  artery  pressures  and  mean  airway  pressure  were  matched 
between  groups  (35,  27.4  ±  0.74.  and  20.8  ±  1.5  mm  Hg.  and  17.7  ± 
0.22  cm  H_,0.  respectively).  MEASUREMENTS  AND  MAIN  RESULTS: 
Lungs  exposed  to  elevated  pulmoiiary  artery  pressures  attributable  to 
intermittent  positive  pressure  mechanical  ventilation  formed  more  edema 
(6.8  ±  1.3  vs.  LI  ±  0.9  g/g  of  lung),  displayed  more  perivascular  (61  ± 
26  vs.  15  ±  13  vessels)  and  alveolar  hemorrhage  (76  ±  1  ITt  vs.  26  ± 
18%  of  alveoli),  and  underwent  larger  fractional  declines  in  static  com- 
pliance (88  ±  4.4'*  vs.  48  ±  25.1'7r  decline)  than  lungs  exposed  to 
similar  peak  and  mean  pulmonary  artery  pressures  in  the  absence  of  tidal 
positive  pressure  ventilation.  CONCLUSIONS:  Isolated  phasic  eleva- 
tions of  pulmonary  artery  pressure  may  cause  less  damage  than  those 
occurring  during  intermittent  positive  pressure  mechanical  ventilation, 
suggesting  that  cyclic  changes  in  perivascular  pressure  surrounding  ex- 
tra-alveolar vessels  may  be  Important  In  the  genesis  of  ventilator-induced 
lung  injury. 


Trends  in  Technolojjy  and  the  Future  Intensive  Care  Unit — Craft  RI. 
Cm  Care  Med  2001  Aug.29(SSuppl):N151-N158. 


As  advanced  as  today's  critical  care  units  are,  changes  In  networks, 
computing  platforms.  Instrumentation,  human-machine  Interfaces,  and 
software  Infrastructures  and  work  being  done  In  interoperability,  process 
automation,  and  decision  support  all  promise  to  alter  both  the  structure 
and  the  operation  of  future  critical  unit  settings.  Although,  as  Yogi  Berra 
said.  "It's  tough  to  make  predictions,  especially  about  the  future."  we  can 
gain  of  a  sense  of  the  possibilities  by  studying  emerging  trends  in  each 
of  these  information  technology-related  areas.  After  describing  notional 
physical  and  functional  architectures  for  today's  critical  care  units,  this 
article  provides  a  high-level  overview  of  a  number  of  trends  in  the  areas 
listed  above  and  provides  the  reader  with  starting  points  for  further  study. 
Although  each  of  these  trends  may  be  fairlv  unremarkable  when  taken  In 
isolation,  when  considered  as  a  whole,  the  Implications  for  critical  care 
are  profound.  To  that  end.  a  final  section  of  the  article  speculates  on 
specific  ways  that  these  trends  are  likely  to  play  themselves  out  In  the 
context  of  tomorrow's  critical  care  environments. 


Computer-.4ssisted   Learning  in  Critical  Care:   From  EN1.\C  to 

HAL— Tegtmeyer  K.  Ibsen  L.  Goldstein  B.  Crit  Care  Med  2001  Aug; 
29(8Suppl):N177-N182. 

Computers  are  commonly  used  to  serve  many  functions  in  today's  mod- 
em intensive  care  unit.  One  of  the  most  intriguing  and  perhaps  most 
challenging  applications  of  computers  has  been  to  attempt  to  improve 
medical  education.  With  the  introduction  of  the  first  computer,  medical 
educators  began  looking  for  ways  to  incorporate  their  use  Into  the  modern 
curriculum.  Prior  limitations  of  cost  and  complexity  of  computers  have 
consistently  decreased  since  their  introduction,  making  It  increasingly 
feasible  to  incorporate  computers  Into  medical  education.  Simultaneously, 
the  capabilities  and  capacities  of  computers  have  increased.  Combining 
the  computer  with  other  modem  digital  technology  has  allowed  the  de- 
velopment of  more  intricate  and  realistic  educational  tools.  The  purpose 
of  this  article  is  to  briefiy  describe  the  history  and  use  of  computers  in 
medical  education  with  special  reference  to  critical  care  medicine.  In 
addition,  we  will  examine  the  role  of  computers  In  teaching  and  leaming 
and  discuss  the  types  of  Interaction  between  the  computer  user  and  the 
computer. 

The  elCU:  It's  Not  .lust  Telemedicine — Cell  LA.  Hassan  E.  Marquardt 
C.  Breslow  M.  Rosenleld  B.  Crit  Care  Med  2001  Aug;29(8Suppl):NlS3- 
N189. 

Intensive  care  units  (ICUs)  are  major  sites  for  medical  errors  and  adverse 
events.  Suboptimal  outcomes  reflect  a  widespread  failure  to  implement 
care  delivery  systems  that  successfully  address  the  complexity  of  modem 
ICUs.  Whereas  other  industries  have  used  information  technologies  to 
fundamentally  improve  operating  efficiency  and  enhance  safety,  medi- 
cine has  been  slow  to  implement  such  strategies.  Most  ICL's  do  not  even 
track  performance;  fewer  still  have  the  capabllltv  to  examine  clinical  data 
and  use  this  information  to  guide  quality  improvement  Initiatives.  This 
article  describes  a  technology-enabled  care  model  (electronic  ICU.  or 
elCU)  that  represents  a  new  par;ullgm  for  deliver,  of  critical  care  ser- 
vices. A  major  component  of  the  model  is  the  use  of  telemedicine  to 
leverage  clinical  expertise  and  facilitate  a  round-the-clock  proactive  care 
by  intensivist-led  teams  of  ICU  caregivers.  Novel  data  presentation  for- 
mats, computerized  decision  support,  and  smart  alamis  are  used  to  en- 
hance efficiency,  increase  effectiveness,  and  standardize  clinical  and  op- 
erating processes.  In  addition,  the  technology  infrastructure  facilitates 
pertbrmance  Improvement  by  providing  an  automated  means  to  measure 
outcomes,  track  performance,  and  monitor  resource  utilization.  The  pro- 
gram is  designed  to  support  the  multidisciplinarv  intensivist-led  team 
model  and  incorporates  comprehensl\e  ICU  re-engineering  efforts  to 
change  practice  behavior.  Although  this  model  can  transfomi  ICUs  into 
centers  of  excellence,  success  will  hinge  on  hospitals  accepting  the  un- 
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Abstracts 


deriving  value  proposilion  and  physicians  being  willing  to  change  eslah- 
lished  practices. 

Measiirinj;  the  liiipuct  of  New  Tcehnoloyv :  An  Outcomes-Based  Ap- 
proach—Sachdc\  a  KC.  Cm  Care  Med  2001  Aug;;y(SSuppl):NiyO- 
N195. 

In  the  current  era  of  decreasing  resources,  many  healthcare  organizations 
are  under  increasing  pressure  to  evaluate  new  technology.  Advances  and 
innovations  in  healthcare  technology  are  instrumental  in  reshaping  the 
healthcare  system  and  in  impacting  the  practice  of  medicine,  including 
critical  care.  Healthcare  organizations  are  faced  with  the  following  four 
questions  related  to  adopting  a  new  technology:  1 1  Should  the  organiza- 
tion invest  in  this  technology?  2)  What  are  the  associated  benefits  and 
risks  of  the  capital  investment?  3)  What  is  the  impact  on  patient  outcomes 
as  a  result  of  adopting  the  technology?  4)  What  is  the  return  on  invest- 
ment to  the  organization?  These  issues  represent  challenging  areas  for  the 
researcher,  clinician,  manager,  and  policy  maker.  New  techniques  froin 
the  business  and  outcojiies  research  arenas  allow  for  the  development  of 
quantitative  and  qualitative  models  to  facilitate  answering  these  ques- 
tions. By  integialing  business  and  clinical  considerations,  these  models 
can  impact  policy  at  two  levels:  I )  by  identifying  optimal  capital  expen- 
diture decisions  for  individual  healthcare  organizations,  it  can  provide  a 
significant  competitive  advantage  for  an  organization;  and  2)  by  identi- 
fying optimal  health  policies  related  to  technology  at  a  national  and 
international  health  level,  it  can  impact  the  healthcare  systems  and  patient 
outcomes  in  a  favorable  manner. 

Online  Personal  Medical  Records:  Are  They  Reliable  for  ,\cute/Crit- 
ical  Care?— Schneider  JH.  Crit  Care  Med  2001  Aug;29(SSuppll:N196- 
N201. 

OBJECTIVE:  To  provide  an  introduction  to  Internet-based  Online  Per- 
sonal Medical  Records  (OPMRs).  to  assess  their  use  and  limitations  in 
acute/critical  care  situations,  and  to  identify  potential  improvements  that 
could  increase  their  usefulness.  DESIGN:  A  review  of  publicly  a\  ailable 
Internet-based  OPMRs  conducted  in  April  2001.  DATA  SOURCES: 
Twenty-nine  OPMR  sites  were  identified  in  March  2000  using  ten  In- 
ternet search  engines  with  the  search  term  "Personal  Medical  Records." 
Through  2000  and  2001.  an  additional  37  sites  were  identified  using  lists 
obtained  from  trade  journals  and  through  the  author's  panicipation  in 
standards-setting  meetings.  MEASUREMENTS:  Each  publicly  available 
site  was  reviewed  to  assess  suitability  for  acute/critical  care  situations 
using  four  measures  developed  by  the  author  and  for  general  use  using 
eight  measures  developed  in  a  standards-setting  process  described  in  the 
article.  RESULTS:  Of  the  66  companies  identified,  only  16  still  offer 
OPMRs  that  are  available  to  the  public  on  the  Internet.  None  of  these  met 
all  of  the  evaluation  measures.  Only  \99c  had  rapid  emergency  access 
capabilities  and  only  63%  provided  medical  summaries  of  the  record. 
Security  and  confidentiality  issues  were  well  addressed  in  94**  of  sites. 
Data  portability  was  virtually  nonexistent  because  all  OPMRs  lacked  the 
ability  to  exchange  data  electronically  with  other  OPMRs.  and  only  two 
OPMRs  permitted  data  transfer  from  physician  electronic  medical  records. 
Controls  over  data  accuracy  were  poor:  819r  of  sites  allowed  entry  of 
dates  for  medical  treatment  before  the  patient's  date  of  binh.  and  one  site 
actually  gave  incorrect  medical  advice.  OPMRs  were  periodically  inac- 
cessible because  of  programming  deficiencies.  Finally,  approximately  40 
sites  ceased  providing  OPMRs  in  the  past  year,  with  the  probable  loss  of 
patient  information.  CONCLUSIONS:  Most  OPMRs  are  not  ready  for 
use  in  acute/critical  care  situations.  Many  are  just  electronic  versions  of 
the  paper-based  health  record  notebooks  that  patients  have  used  for  years. 
They  have,  however,  great  promise  and.  with  further  development,  could 
form  the  basis  of  a  new  medical  record  system  that  couKI  conlribute  to 
improving  the  quality  of  medical  care. 


End-of-Life  Dt'clsions  in  Cancer  Care — Price  KJ.  Kish  SK.  Crit  Care 
Clin  2001  Jul;l7(3):805-8I1. 

End-of-life  decisions  in  critically  ill  patients  with  cancer  are  often  com- 
plex and  fraught  with  emotion.  End-of-life  care  involves  a  multidisci- 
plinary  approach  that  lakes  into  account  the  patient  and  family's  desires 
and  the  goals  of  therapy.  Decisions  regarding  the  use  of  life-support 
technology  at  the  end  of  life  encompass  an  outcomes  and  goal-oriented 
approach.  Ethical,  medical,  legal,  and  economic  issues  should  be  con- 
sidered in  the  assessment  of  life-support  technologies  and  directives  for 
their  appropriate  use  in  the  ICU. 

Intensive  Care.  Mechanical  Ventilation.  Dialysis,  and  Cardiopulmo- 
nary Resuscitation:  Implications  for  the  Patient  with  t  ancer  Gmcger 
JS.  Aurora  RN.  Cnl  Care  Clin  2(1(11  .liil;17(3):791-S(l.^. 

The  broad  range  in  mortality  rates  seen  in  the  critically  ill  cancer  pop- 
ulation reflects  the  fact  that  cancer  is  a  heterogeneous  disease,  affecting 
a  heterogeneous  population  at  different  stages  of  care.  Patients,  families, 
and  physicians  frequently  agonize  about  the  utility  of  CPR  and  ICU  care 
and  whether  this  care  should  be  offered.  Understanding  the  goals  of  care, 
respecting  autonomy,  and  knowing  the  likelihood  of  benefits  and  burdens 
of  these  interventions  are  critical  in  making  these  difficult  decisions. 

Acute  Respiratory  Failure  in  Critically  111  Patients  with  Cancer: 
Diagnosis  and  Management — Pastores  SM.  Crit  Care  Clin  2001  Jul: 
17(31:623-646. 

Respiratory  failure  remains  a  common  cause  of  admission  to  die  ICU  for 
patients  with  cancer,  regardless  of  the  nature  of  malignancy.  The  diag- 
nosis and  management  of  ARE  in  patients  with  cancer  pcses  special 
challenges  to  the  intensivist.  Depending  on  the  type  of  cancer,  the  degree 
of  immunosuppression,  underlying  comorbidities,  the  modality  of  cancer 
treatment,  progression  or  spread  of  underiying  cancer,  and  disease-  or 
therapy-associated  complications  are  the  most  common  causes  of  .ARE  in 
these  patients.  Despite  significant  advances  in  antineoplastic  therapies 
and  supportive  management  in  the  ICU.  the  mortality  rate  of  patients 
with  cancer  with  ARE  remains  high.  Severity-of-illness  scoring  systems 
and  mortality  probability  models,  although  useful  in  discriminating  be- 
tween survivors  and  non,survivors  in  large  groups  of  critically  ill  patients, 
should  not  be  used  alone  to  justify  reluctance  in  admitting  individual 
patients  with  cancer  with  potentially  reversible  respiratory  failure  to  the 
ICU.  Close  collaboration  between  oncologists  and  intensivists  will  en- 
sure the  establishment  of  clear  goals  and  direction  of  treatment  for  every 
patient  with  cancer  who  requires  mechanical  \entiIation. 

Mechanistic  Scheme  and  Effect  of  "Extended  Sigh"  as  a  Recruitment 
Maneuver  in  Patients  with  .\cute  Respiratory  Distress  Syndrome:  .\ 
Preliminary  Study— Lim  CM.  Koh  Y.  Park  W.  Chin  J^  .  Shim  TS.  Lee 
SD,  et  al.  Crit  Care  Med  2001  Jun:29(6):l255-1260. 

OBJECTIVE:  To  de\  ise  a  new  form  of  sigh  (  "extended  sigh")  capable  of 
providing  a  sufficient  recruiting  pressure  x  time,  and  to  test  it  as  a 
recruitment  maneuver  in  patients  with  acute  respiratory  distress  syn- 
drome. DESIGN:  Prospective  uncontrolled  clinical  trial.  SETTING:  Med- 
ical intensive  care  unit  of  a  university-affiliated  hospital.  PATIENTS; 
Twenty  consecutive  patients  diagnosed  with  acute  respiratory  distress 
syndrome  (18  men.  2  women,  age  59  ±  10  yrs).  INTERVENTIONS: 
From  baseline  settings  of  tidal  volume  (Vx)  8  mL/kg  and  positive  end- 
expiratory  pressure  (PEEPl  10  cm  H,0  on  volume  control  mode  with  the 
high  pressure  limit  at  40  cm  H,0.  the  V,-PEEP  values  were  changed  to 
6-15,  4-20,  and  2-25,  each  step  being  30  sees  (infiation  phase).  After 
V^-PEEP  2-25.  the  mode  was  switched  to  continuous  positive  airway 
pressure  of  30  cm  H,0  for  a  duration  of  30  sees  (pause),  after  which  the 
baseline  setting  was  resumed  following  the  reverse  sequence  of  infiation 


1356 


Resi'irator'i  Care;  •  December  2001  Vol  46  No  12 


Set  Your  Career  With  America's  Best 
Medical  Staffing  Company! 


1 


*  24  Hour  Support 

"Short  &  Long  Term  Assignments 

*Desirable  Locations 

*  Workman's  Compensation 

*Top-Pay  &  Meal  Allowance 

\       *Pre-Paid  Travel 

*Private  Lodging  &  Utilities 

*Free  Rental  Car 

*  Immediate  Health  Insurance 

*Shift  Differentials 

*Licensure  Assistance 

*  Direct  Deposit 


1/ 


RRT*CRT*POLY 


Tech  Net  Medical,  LLC 


800-461-1815 
Fax:  888-782-3358 


i 


'  Contact: 

Glenda  Collins 

800-461-1815 

glenda  @  technetmedical,  com 

Or 

Misti  Herrera 

800-461-1815 

misti  @technetmed1caL  com 


Call  *^' 

Tech  Net  Medical 

To  Set  Your  Career    |l  | 
Today!  >  ■  | 

800-461-1815 

Fax  888-782-3358 


i 


i\ 


Check  Us  Out  On    >, 
The  Web!  '^ 

www,  technetmedical.  com 
info  @  technetmedicaL  com 


The  Heart  Beat_J 


Of  Healthcare 


Circle  1  1  3  on  product  information  cord 


Circle  128  on  product  info  card 


Idetlation  phase).  This  extended  sigh  was  perfi)rmed  twice  with  1  min  of 
basehne  ventilation  between.  MEASUREMENTS  AND  RESULTS:  Air- 
way pressures  and  hemodynamic  parameters  were  traced  at  each  step 
during  the  e.\tended  sigh.  Arterial  blood  gases  and  physiologic  parame- 
ters were  determined  before  the  extended  sigh  (pre-extended  sigh),  at  5 
mins  after  two  extended  sighs  (post-extended  sigh),  and  then  every  15 
inins  for  1  hr.  In  our  average  patient,  the  recruiting  pressure  x  time  of  the 
intlation  phase  was  estimated  to  be  32.8-35.4  cm  H,0  x  90  sees.  Com- 
pared with  the  inflation  phase,  inspiratory  pause  pressure  of  the  deflation 
phase  was  lower  at  V,-PEEP  6-15  (28.9  ±  2.7  cm  H,0  vs.  27.3  ±  2.8 
cm  H,0)  and  4-20  (31.8  ±  2.9  cm  H^O  vs.  31.1  ±  2.9  cm  H,0;  both  p 
<0.05).  Compared  with  pre-extended  sigh.  P^q,  (81.5  ±  15.3  mm  Hg  vs. 
104.8  ±  25.0  mm  Hg;  p  <().00l)  and  static  respiratory  compliance  both 
increased  post-extended  sigh  (27.9  ±  7.9  mL/cm  H,0  vs.  30.2  ±  9.7 
inL/cm  H,0;  p  =0.009).  Improvement  in  these  parameters  was  sustained 
above  pre-extended  sigh  for  the  duration  of  the  study.  Major  hemody- 
namic or  respiratory  complications  were  not  noted  during  the  study. 
CONCLUSION:  We  present  a  new  form  of  sigh  (i.e..  extended  sigh) 
capable  of  achieving  an  augmented  recruiting  pressure  x  time  through  a 
prolonged  inflation  on  a  gradually  increased  end-expiratory  pressure.  In 
\iew  ol  the  sustained  efTect  and  absence  of  major  complications  in  our 
patients,  extended  sigh  could  be  a  useful  recruitment  inaneuver  in  acute 
respiratory  distress  syndrome. 


teaching  hospital.  The  intervention  consisted  of  photographs  (8  x  10  in) 
of  attending  and  resident  physicians  displayed  in  the  patients'  rooms. 
Before  dismissal,  patients  completed  a  sur\'ey  that  required  them  to  match 
names  with  photographs  of  physician  caregivers  and  included  patient 
satisfaction  questions.  The  primary  outcome  was  whether  patients  who 
had  photographs  in  their  hospital  room  would  correctly  identify  more 
physicians  than  those  with  no  photographs  in  their  room.  RESULTS:  The 
presence  of  photographs  on  the  hospital  wall  was  associated  with  a 
significant  improvement  in  the  number  of  physicians  identified  correctly 
(oddsratiolORI.  1.83;959f  conlldenceintervallCll,  l.47-2.27;p<().0()l ). 
The  percentage  of  physicians  that  patients  identified  by  correctly  match- 
ing their  physicians"  names  to  their  photographs  was  significantly  asso- 
ciated with  satisfaction  with  physician  responsiveness  (OR.  1.19:  959r 
CL  1.01-L40:  p=0.03)  and  with  the  way  in  which  physicians  addressed 
questions  regarding  medical  care  (OR.  1.23:95<;f  CL  1.05-1.44:  p=0.05). 
CONCLUSIONS:  Patients  who  had  photographs  of  their  physicians  on 
the  wall  of  their  hospital  room  were  able  to  identity  correctly  a  larger 
number  of  physicians  on  their  team  compared  w  ilh  patients  who  had  no 
photographs.  Patient  satisfaction  was  related  to  the  number  of  physicians' 
photographs  that  patients  could  identify  correctly. 


\  tluide  to  the  Diagnosis  and  Treatment  of  Occupational  .\sthma- 

Kabatm  JT.  Coul  CT.  .\Ia\o  Clin  Proc  200:  .Iun;7(>i(>):(i33~64(). 


Patient  Satisfaction  Associated  "ilh  Cornet  IdentilUation  of  I'hjsi- 
clan's  Pholn)>raphs — Francis  JJ.  Pankratz  VS.  Huddleston  JM.  Mayo 
Clin  Proc  2001  Jun:76(6):604-608. 

OBJECTIVE:  To  determine  whether  placement  of  photographs  of  phy- 
sicians in  hospital  rooms  improves  patients'  satisfaction  with  their  med- 
ical care.  PATIENTS  AND  METHODS:  This  is  a  prospective,  controlled 
study  of  224  patients  admitted  to  general  internal  medicine  services  in  a 


Occupational  asthma  is  the  most  prevalent  form  of  occupational  lung 
disease  in  industrialized  nations.  As  increasing  numbers  of  new  chemi- 
cals are  produced  and  new  manufacturing  processes  are  introduced,  the 
variety  of  environments  in  which  individuals  may  become  exposed  to 
respiratory  sensitizers  and  irritants  makes  diagnosing  and  treating  this 
illness  even  more  challenging.  In  addition  to  adverse  pulmonary  clfccls. 
the  diagnosis  of  occupational  asthma  ma\  bring  with  it  negative  social 
and  financial  implications  that  may  ultimately  affect  the  patient's  quality 
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Abstracts 


of  lite.  For  this  reason,  it  is  important  for  clinicians  to  recognize  work- 
related  respiratory  symptoms  early  on  in  their  course,  maintain  a  high 
clinical  suspicion  for  an  occupational  cause  in  the  diagnostic  work-up  of 
asthma,  and  have  a  high  degree  of  certainly  in  the  diagnosis.  While  a 
number  of  classification  schemes  have  been  proposed  to  simplify  the 
diagnostic  approach  to  occupational  asthma,  the  inciting  factors  t\  pically 
involve  sensili/alion  (often  b\  an  IgE  mechanism l.  direct  airway  inllam- 
mation.  various  pharmacologic  responses,  or  irritant  retlex  pathways. 
Clinicians  must  first  document  the  presence  of  asthma,  then  establish  a 
relationship  between  asthma  and  the  work-place.  The  occupational  his- 
tory is  the  key  diagnostic  tool,  and  clinical  suspicions  may  be  evaluated 
further  by  serial  peak  expiratory  flow  measurements,  nonspecific  hyper- 
sensitivity challenges  with  histamine  or  methacholine.  collaboration  with 
industrial/occupational  hygienists  to  obtain  workplace  exposure  mea- 
surements, and  specific  challenge  testing  at  tertiary  referral  centers  pro- 
viding specialized  laboratories.  Removal  from  the  inciting  exposure  is 
the  mainstay  of  therapy,  and  pharmacologic  treatment  of  patients  with 
occupational  asthma  is  similar  to  the  treatment  of  patients  with  other 
forms  of  asthma. 

Medical  .\dvite  for  International  Travelers — Virk  A.  Mayo  Clin  Proc 
2001  Aug;76(8);S31-S40. 


operating  room,  and  .^80  (769^)  patients  were  sent  to  their  hospital  room. 
The  remaining  120  patients  went  to  the  intensive  care  unit  for  a  median 
of  I  day  (range.  1-41  days).  Complications  occurred  in  107  (21';  l  pa- 
tients, and  operative  mortality  was  2.09r.  Median  day  of  discharge  was 
postoperative  day  4  (range.  2-1 19  days).  A  total  of  327  (bSVr)  patients 
left  the  hospital  on  postoperative  day  4  or  sooner.  By  survey.  979;  of 
patients  had  excellent  or  good  satisfaction  with  their  care  at  hospital 
discharge,  and  919;  were  extremely  happy  or  satisfied  at  the  2-«eek 
follow-up  contact.  CONCLUSIONS:  Most  patients  who  undergo  elective 
pulmonary  resection  can  be  extubatcd  immediately  after  the  operation,  go 
directly  to  their  room  and  avoid  the  intensive  care  unit,  be  discharged  on 
postoperative  day  3  or  4.  and  have  minimal  morbidity  and  mortality  with 
high  satisfaction  both  at  discharge  and  at  the  2-week  follow-up  contact. 
Techniques  that  seem  to  accomplish  this  include  the  following:  the  use  of 
a  water  seal,  removal  of  epidural  catheters  on  postoperative  day  2,  early 
chest  tube  management,  treatment  of  persistent  air  leaks  with  Heimlich 
valves,  and  daily  reinforcement  of  the  planned  events  for  each  day.  as 
well  as  on  the  date  of  discharge  v\ith  the  patients  and  their  families. 

Respiratory  Distress  Sjndrome  in  the  Newborn:  Role  of  Oxidative 
Stress — Gitto  E.  Reiter  RJ.  Karbownik  M.  Xian-Tan  D.  Barberi  I.  In- 
tensive Care  Med  2001  Jul;27(7):l  1 16-1 123. 


Each  year,  approximately  30  to  40  million  Americans  travel  outside  the 
United  States.  .•Xlthough  the  most  popular  destinations  are  Europe.  Cen- 
tral America,  and  the  Caribbean,  travel  to  Africa  and  Asia  is  increasing 
substantially.  International  travel,  particularly  to  developing  countries, 
can  be  associated  with  the  risk  of  infectious  and  noninfectious  disea.ses. 
These  risks  can  be  decreased,  eliminated,  or  modified  with  vaccinations, 
prophylactic  medications,  and  education.  Optimally,  pretravel  advice  must 
be  individualized  to  a  person's  medical  history,  itinerary,  and  risk  be- 
havior. In  addition  to  risk  assessment-ba.sed  immunizations,  issues  such 
as  traveler's  diarrhea,  malaria  prophylaxis,  sexually  transmitted  diseases, 
and  management  of  underKing  medical  problems  must  form  a  part  of 
pretravel  management.  Adventure  or  prolonged  travel  or  persons  with 
underlying  medical  diseases  such  as  insulin-dependent  diabetes  mellitus. 
transplantation,  immunodeficiencies,  and  dialysis  warrant  additional  pre- 
ventive measures.  This  review  primarily  updates  pretravel  management 
of  adults. 

Fast-Tracking  Pulmonary  Resections — Cerfolio  RJ,  Pickens  A.  Bass 
C.  Katholi  C.  J  Thorac  Cardiovasc  Surg  2001  Aug;122(2):318-324. 

OBJECTIVE:  We  streamlined  our  care  after  pulmonary  resection  for 
quality  and  cost-effectiveness.  METHODS:  A  single  surgeon  performed 
500  consecutive  pulmonary  resections  through  a  thoracotomy  over  a 
2(3/4)-year  period  in  a  university  setting.  Patients  were  extubated  in  the 
operating  room  and  sent  directly  to  their  hospital  room.  Chest  tubes  were 
placed  to  water  seal  and  removed  on  postoperative  day  2  if  there  was  no 
air  leak  and  drainage  was  less  then  400  mL/d.  Epidural  catheters  were 
used  and  removed  by  postoperative  day  2.  The  plan  for  each  day  and 
discharge  on  postoperative  day  3  or  4  was  reviewed  with  the  patients  and 
families  daily  during  rounds.  The  patient  went  home  the  day  the  last  chest 
tube  was  removed.  Persistent  air  leaks  were  treated  with  Heimlich  valves. 
RESULTS;  There  were  .5(H)  patients  (338  men),  with  a  median  age  of  .58 
years  (range.  3-87  yearsi.  Of  these  patients,  293  had  pre-existing  con- 
ditions. Seventy-three  (159'f)  patients  had  been  denied  operations  by  at 
least  one  other  surgeon.  Four  hundred  nineteen  (849r)  patients  had  suc- 
cessful placement  of  a  functioning  preoperative  epidural  catheter.  Pneu- 
monectomy was  performed  in  32  (69r)  patients,  segmentectomy  was 
performed  in  16  (39?)  patients,  and  lobectomy,  sleeve  lobectomy,  and/or 
bilobcctomy  was  performed  in  194  (399f )  patients.  Nonanatomic  resec- 
tions were  performed  for  metastasectomy.  This  included  a  single  wedge 
resection  in  161  (329})  patients  and  multiple  wedge  resections  in  97 
(I99r)  patients.  A  total  of  482  (969M  patients  were  extubated  in  the 


Reactive  oxygen  and  nitrogen  species  are  generated  by  several  inflam- 
matory and  structural  cells  of  the  airways.  These  oxidant  species  have 
important  effects  on  a  variety  of  lung  cells  as  regulators  of  signal  trans- 
duction, activators  of  key  transcription  factors  and  modulators  of  gene 
expression  and  apoptosis.  Thus,  increased  oxidative  stress  accompanied 
by  reduced  endogenous  antioxidant  defenses  may  play  a  role  in  the 
pathogenesis  of  a  number  of  inflammatory  pulmonary  diseases,  including 
respiratory  distress  syndrome  (RDS)  in  the  newborn.  There  obviously  are 
conflicting  reports  on  the  effect  of  oxygen,  ventilation  and  nitric  oxide 
(NO)  on  RDS  and,  thus,  the  question  arises  as  what  the  neonatologist 
should  do  when  confronted  with  a  newborn  with  RDS.  Clearly,  utilizing 
lung  protective  strategies  requires  compromises  between  gas  exchange 
goals  and  potential  toxicities  associated  with  over-distension,  derecruit- 
ment  of  lung  units  and  high  oxygen  concentrations.  The  results  discussed 
in  this  brief  review  suggest  rigorous  clinical  tests  with  antioxidants  which 
may  help  to  define  the  mechanisms  associated  with  RDS  and  u  hich  could 
lead  to  new  treatment  strategies. 

.Acute  Respiratory  Distress  .Syndrome  .\mong  Trauma  Patients: 
Trends  in  ICl'  Mortality,  Risk  Factors,  Complications  and  Resource 
Utilization — Navarrete-Na\  arro  P,  Rodriguez  .•\,  Reynolds  ,N,  West  R, 
Habashi  N,  Rivera  R.  et  al.  Intensive  Care  Med  2001  Jul;27(7):l  1.33- 
1140. 

OBJECTIVE:  To  evaluate  trends  in  mortality  and  related  factors  among 
trauma  patients  who  developed  acute  respiratory  distress  syndrome 
(ARDS).  STUDY;  Observational  study  based  on  data  prospectively  gath- 
ered in  computerized  trauma  registry.  SETTING:  Trauma  intensive  care 
unit  (ICU)  of  48  beds  in  level  I  trauma  center.  PATIENTS:  All  trauma 
patients  with  ARDS  admitted  during  1985-87  (486.  group  1  |G1|)  and 
1993-95  (552.  group  2|G2]).  METHODS:  ARDS  was  defined  by  Amer- 
ican-European Consensus  Conference  criteria  and  the  need  for  48  h  or 
more  on  mechanical  ventilation  with  F,,,,  greater  than  0.50  and  PEEP  of 
more  than  5  cm  H,0.  Demographics,  severity  score,  injury-admission 
delay  time,  first  24-h  transfusion  and  septic  and  organ  system  failure 
complications  were  independent  variables.  ICU  mortality  was  the  depen- 
dent variable.  ICU  length  of  stay  (LOS)  and  life  support  techniques  were 
considered.  Respiratory  and  renal  support  strategies  were  different  in  the 
two  lime  periods.  RESULTS:  Mortality  decreased  over  the  periixi  (Gl: 
29.29c  vs  G2:  21.49}.  p  <  0.041.  in  patients  aged  both  over  and  under  65 
years.  .Multi\ ariale  analysis  showed  mortality  was  related  to  age.  severity 
and  time  period  (Gl  1.68-fold  that  in  G2|  and  that  the  greater  Gl  mor- 
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Abstracts 


lality  was  related  [o  more  roiial  lailure  and  hematologic  failure/dyslunc- 
lion.  ICU  LOS  decreased  from  3 1. 7 ±26.7  days  (Gl)  to  27.3 ±22  days 
(G2)  (p  <  ().(M)3).  CONCLUSIONS:  Mortality  among  trauma  patients 
with  ARDS  declined  over  the  8  years  stuilicd  and  was  associated  with 
less  organ  lailure.  This  reduction  was  prohahly  the  result  of  new  ap- 
proaches lo  mechanical  ventilation,  renal  failure  replacement  and  vaso- 
active drug  therapy. 

Mechanical  \  eiUilalloii  in  l'atieiit.s  with  .\culc  Lschcmlc  Stroke:  Sur- 
vival and  Outcome  at  One  Year — Santoli  F,  De  Jonghe  B.  Hayon  J, 
Tran  B,  Piperaud  M.  Merrer  J.  Oulin  H.  Intensive  Care  Med  2001  Jul; 
27(7):l  141-1 146. 

OBJF.CTIVK:  To  assess  the  prognosis  of  patients  uilh  acute  ischemic 
stroke  who  require  mechanical  ventilation  and  to  determine  early  factors 
influencing  mortality.  DLSICjN:  Prospective  ohservational  study.  SET- 
TING: Medical  intensive  care  unit  with  a  ccrchrovascular  emergency  unit 
in  a  university-affiliated  hospital.  PATIENTS:  Filly-eighl  consecutive 
patients  (mean  age  65±  13  years)  requiring  mechanical  ventilation  in  the 
early  course  of  an  acute  ischemic  stroke.  MEASUREMENTS  AND  RE- 
SULTS: Clinical  data  were  recorded  before  intubation  according  to  a 
standardized  procedure.  Mortality  and  functional  outcome  were  assessed 
after  a  1-year  follow-up.  Mechanical  ventilation  was  started  within  4S  h 
after  admission  in  .SS  patients  (91.4%).  The  mean  duration  of  ventilation 
was  similar  in  survivors  (').7±9.0  days)  and  non-survivors  (8.6±8.7 
days).  Mortality  was  72.4'/r  at  I  year.  Among  the  16  survivors,  none  were 
in  a  persistent  \  egetative  state  and  1 1  had  a  Barthel  index  of  60,  reflect- 
ing good  functional  status.  Bilateral  absence  of  corneal  reflex  and  bilat- 
eral absence  of  pupillary  light  reflex  had  a  positive  predictive  value  of 
death  of  I  (95%  CI  0.78-1.00  and  0.74-1.00,  respectively).  After  Co,\ 
regression  analysis,  presence  of  stupor  or  coma  (OR  2.6,  95%  CI  1.5- 
5.0).  bilateral  absence  of  corneal  reflex  before  intubation  (OR  3.4.  95% 
CI  1.4-8.7)  and  presence  of  ischemic  cardiopathy  (OR  2.8,  95%  CI 
1.4-5.5)  were  independent  predictors  of  mortality.  CONCLUSIONS: 
Systematic  withholding  of  endotracheal  intubation  in  patients  with  AIS  is 
not  recommended.  Careful  and  rigorous  neurologic  examination,  includ- 
ing assessment  of  brain  stem  reflexes,  might  help  to  identify  patients  with 
a  very  high  probability  of  death  despite  mechanical  ventilation. 

The  Development  of  Yenlllator-Associaled  Pneumonia  Docs  Not 
C'hanne  Aspects  of  Mechanical  Nentilation — Dcnnesen  PJ.  Van  der 
Ven  AJ,  Van  der  Geest  S,  Ramsay  G.  Bonten  MJ  Intensive  Care  Med 
2001  Jul;27(7l:l  158-1163. 

OBJECTIVE:  To  evaluate  whether  the  development  of  ventilator-asso- 
ciated pneumonia  (VAP)  is  a.ssocialed  with  changes  in  ventilation  pa- 
rameters. DESIGN:  Matched  ea.se-eontrol  study.  SETTING:  Mixed  in- 
tensive care  unit  of  a  university  hospital.  PATIENTS:  From  a  large 
database  we  selected  33  patients  with  VAP.  diagnosed  with  quantitative 
cultures  of  bronchoscopically  obtained  specimens.  In  addition.  33  other 
mechanically  ventilated  patients  who  did  not  develop  VAP  were  selected 
(controlsi.  Patients  with  V.'\P  and  controls  were  matched  on  seven  vari- 
ables representing  severity  of  illness:  duration  of  ventilation  until  match- 
ing, diagnosis  on  admission,  renal  function,  liver  function,  preceding 
infection,  preceding  surgery  and  immunosuppressive  therapy.  Each  pa- 
tient with  VAP  was  matched  to  a  single  control.  Variables  regarding  type 
and  mode  of  ventilation  and  interpretation  of  chest  radiographs  were  not 
included  in  the  matching  procedure.  MEASUREMENTS  AND  RE- 
SULTS: Characteristics  of  mechanical  ventilation  (mode  of  ventilation, 
tidal  volume,  expired  minute  ventilation,  peak  airway  pressures,  mean 
airway  pressures,  level  of  positive  end-expiratory  pressure,  arterial  oxy- 
gen tension! P„,,)/fractional  inspired  oxygen  (F,,,,)  ratio),  were  compared 
on  the  day  of  diagnosis  of  VAP  (or  matching  for  controls)  and  2  and  4 
days  before.  Although  there  was  a  significant  difference  in  P.d./F,,,, 
ratios  between  cases  and  controls  on  the  day  of  diagnosis  of  VAP.  the 


change  in  P.„,,/F,|,,  ratios  during  the  days  of  study  were  not  statistically 
different  between  patients  developing  VAP  and  controls.  No  significant 
differences  were  found  for  any  of  the  other  variables  of  ventilation  at  any 
of  the  three  lime  points  studied,  nor  were  there  significant  differences  in 
changes  of  these  parameters  within  individual  patients.  CONCI.LISIONS: 
Characteristics  and  parameters  of  mechanical  ventilation  are  not  influ- 
enced by  the  development  of  VAP.  It  is.  therefore,  unlikely  that  these 
variables  are  useful  in  the  diagnostic  work-up  of  VAP. 

Validity  of  an  Abbreviated  Indirect  Calorimetry  Protoeol  for  Mea- 
surement of  Resting  Knergy  Expenditure  in  Mechanically  Ventilated 
and  Spontaneouslv  ISreuthing  (riticallv  Ml  Patients — I'elros  S.  En- 
gelmann  L.  Inlensive  Care  Med  20(11  Jiil;27l7):l  164-1  168. 

OBJECTIVE:  To  test  a  short  indirect  calorimetry  protocol  with  Ave 
stable  1-min  readings  (5-min  steady  state)  against  the  commonly  used 
protoeol  of  .30  l-min  readings  (3()-min  steady  state)  in  critically  ill  pa- 
lients  with  various  modes  of  ventilation.  DESIGN:  A  prospective  clinical 
study.  SETTING:  A  medical  ICU  of  a  university  hospital.  SUBJECTS: 
Forty-six  mechanically  ventilated  patients  (group  A  and  B).  and  16  spon- 
taneously breathing  patients  (group  C).  INTERVENTION:  Indirect  cal- 
orimetry with  the  Dcltatrac  II  MBM-200  Metabolic  Monitor.  RESULTS: 
Mechanically  venlilated  patients  were  classified  into  group  A  (controlled) 
and  B  (assisted)  depending  on  the  ventilation  mode.  All  patients  in  group 

A.  but  only  48.8%  of  those  in  group  B.  received  some  form  of  analgo- 
sedation.  and  the  doses  were  significantly  higher  in  group  A.  The  30-min 
steady  state  test  was  100.0%.  83.7%^.  and  75.0%  successful  in  group  A. 

B.  and  C.  respectively.  The  corresponding  rate  for  the  5-min  steady  state 
test  was  100.0%-.  81.4%c,  and  100.0%.  respectively.  The  coefficient  of 
determination  (r^)  for  resting  energy  expenditure  between  the  two  pro- 
tocols ranged  between  0.972  and  0.994.  The  time  required  to  collect  the 
5-min  steady  state  data  was  5.5±1.1.  9.9±5.7.  and  6.5±3.3  min  for 
group  A.  B.  and  C.  respectively.  CONCLUSION:  Indirect  calorimeln. 
with  5-min  steady  state  test  correlated  very  well  with  the  30-min  steady 
state  test  in  both  mechanically  ventilated  and  spontaneously  breathing 
patients.  The  time  required  varies  depending  on  the  mode  of  ventilation, 
and  it  is  influenced  by  the  level  of  sedation  in  mechanically  ventilated 
patients.  The  abbreviated  protocol  ma\'  be  more  acceptable  to  spontane- 
ously breathing  patients 

Improved  Asthtna  Control  with  Budesonide/Formoterol  in  a  Single 
Inhaler,  Compared  with  Budesonide  .\lone — Zetterstrom  O.  Buhl  R. 
Mellem  H,  I'eipina  M.  Hedman  J.  O'Neill  S.  Ekstrom  T.  Eur  Respir  J 
2001  Aug:18(2):262-268. 

Budesonide/formoterol  in  a  single  inhaler  was  compared  with  budesonide 
alone,  and  with  concurrent  administration  of  budesonide  and  formoterol 
from  separate  inhalers,  in  patients  with  asthma,  not  controlled  with  in- 
haled glucocorticosteroids  alone.  In  this  12-week,  double-blind,  random- 
ized, double-dummy  study.  362  adult  asthmatics  (lorced  expiratory  vol- 
ume in  one  second  73.8%  of  predicted,  inhaled  gluccKorticosteroid  dose 
960  fig  X  day  ')  received  single  inhaler  budesonide/tbrmoterol  (Symbi- 
cort  Turbuhaler)  160/4.5  ^g,  two  inhalations  b.i.d..  or  corresponding 
treatment  with  budesonide.  or  budesiinide  plus  formoterol  via  separate 
inhalers.  There  was  a  greater  increase  in  morning  peak  expiratory  flow 
(PEF)  with  single-inhaler  (35.7  L  x  min  ')  and  separate-inhaler  (32.0  L  x 
min  ' )  budesonide  and  formoterol,  compared  with  budesonide  alone  (0.2 
1.  X  min  ';  p<0.0()l.  both  comparisons):  the  effect  was  apparent  after  I 
day  (p<0.00l  versus  budesonide,  both  comparisons).  Similarly,  evening 
PEF'.  use  of  rescue  medication,  total  asthma  symptom  scores  and  per- 
centage of  symptom-free  days  improved  more  with  both  single  inhaler 
and  separate  inhaler  therapy  than  with  budesonide  alone,  as  did  asthma 
control  days  (approximately  15%  more.  p<0.001  versus  budesonide. 
both  comparisons,  with  a  marked  increase  in  the  first  week).  All  treat- 
ments were  well  tolerated  and  the  adverse  event  profile  was  similar  in  all 
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Ihrcc  trLMliiK'nl  yrinips.  Ii  is  concluded  lh;it  single  inhaler  Iherapy  with 
budesimide  and  lurniolerol  is  a  clinically  cHoclive  and  well-toleralcd 
irealnicnl  lor  palienis  with  asthma  that  is  not  fully  conlrolled  by  inhaled 
glucocorticosteroids  alune. 

A  New  Asthma  Severity  Index:  A  Predictor  of  Near-Fatal  Asth- 
ma?—I,ee  P.  Ablshcganaden  J,  Chce  CB.  Wang  YT.  Kur  Respir  J  2(H1I 
Aug;IS(2):272-278. 

Bronchial  h\ perresponsivcness  (BHR).  measured  as  the  provocative  dose 
of  inhaled  histamine  or  melhacholine  required  to  produce  a  20";^  fall  in 
forced  expiratory  volume  in  one  second  (FEV,)  (PD2()),  is  widely  used 
as  one  of  the  indices  of  asthma  severity.  Excessive  bronehoconstriction, 
reflected  by  the  maximal  percentage  fall  in  forced  vital  capacity  (FVC) 
at  PD20  (AFVC  Vc)  during  BHR  testing,  is  considered  to  be  the  most 
important  pathophysiological  determinant  in  fatal  asthma.  The  present 
stud\  hypothesi/ed  that  an  index  v^hich  combines  both  the  ease  of  airway 
narrowing  and  excessive  bronehoconstriction.  AFVC  '7r/log(PD20).  may 
be  better  in  assessing  asthma  severity,  especially  in  those  at  risk  of 
near-fatal  attacks.  The  dose-response  cunes  of  46  asthmatics  who  un- 
derwent methacholine  challenge  testing  were  studied.  Group  1  (n=l4) 
patients  had  mild  disease.  Group  2  (n=21)  had  moderate  disease  and 
Group  3  (n=  1 1 )  had  severe  disease,  as  classified  according  to  the  Global 
Initiative  for  Asthma.  Nine  patients  had  prior  intubation  for  near-fatal 
asthma.  AFVC  ^/log  (PD20)  was  better  than  AFVC  %  and  PD20  in 
categorizing  patients  into  the  three  severity  groups  (p<0.(X)01 1.  but  more 
importantly,  it  was  able  to  discriminate  patients  w ith  previous  intubation 
from  those  without  lp  =  ().()4).  It  also  correlated  better  with  FEV,  Ci 
predicted  I.  frequency  of  symptoms  and  inhaled  steroid  requirement  than 
either  index  alone.  It  is  concluded  that  the  percentage  fall  in  forced  vital 
capacity/log  of  the  provocative  dose  causing  a  20%  fall  in  forced  expi- 
ratory volume  in  one  second  combines  information  on  the  ease  and 
excessive  degrees  of  airway  narrowing  in  asthma.  This  new  index  may  be 
better  at  assessing  asthma  severity  and  in  discriminating  those  at  risk  of 
near-fatal  attacks.  ' 


Exercise  Tolerance  in  Children  with  Cystic  Fibrosis  I'ndergoing  l.ung 
Transplantation  Asse.ssnient — Aurora  P.  Prasad  SA.  Balfour-Lynn  IM, 
Slade  G,  Whitehead  B.  Dinwiddie  R.  Eur  Respir  J  2001  Aug;  18(2 ):2y3- 
297. 

The  aim  of  this  study  was  to  compare  the  6-min  walk  test  against  the 
recently  developed  .Vmin  step  test,  as  measures  of  exerci.se  tolerance  in 
children  with  moderate  to  severe  cystic  fibrosis  (CF)  lung  disease  re- 
ferred for  lung  transplantation  assessment.  Twenty-eight  children  with 
CF  (16  girls,  12  boys),  with  a  mean  age  of  13.7  yrs  (range  7.2-17.8  yrs) 
and  mean  forced  expiratory  volume  in  one  second  of  34%  predicted 
(range  17%-67%)  were  recruited.  All  subjects  performed  both  the  6-min 
walk  and  3-min  step-tests.  Outcome  measures  were  maximum  rise  in 
heart  rate  (HR),  and  maximum  fall  in  ;u1erial  oxygen  saturation  (S.,,,). 

There  was  no  significant  difference  in  resting  HR  or  S prior  to  starting 

the  twii  tests.  Both  step  and  walk  tests  produced  signit"icant  rises  in 
median  HR  (from  114-149  mm',  p-^O.OOO.-S.  and  II9-I3X  min  ', 
p<0.(KK)5,  respectively)  and  significant  falls  in  S,,,,,  (both  from  94-92%. 
p<0.(KX)5).  The  step  test  produced  a  significantly  greater  percentage  rise 
in  HR  (30%i  versus  18%.  p<0.(KK).'>)  and  a  significantly  greater  percent- 
age fall  in  S,,,,  (4%  versus  2%,  p=0.(K)2).  Bland-Altman  analysis  gave 
wide  95%  limits  of  agreement  (10.7-29.3%  for  rise  in  HR.  -2.14.6%  for 
fall  in  S,(,,).  The  step  lest  was  well  tolerated.  The  3-min  step  test  pro- 
duced a  greater  fall  in  S,, ,,  and  a  greater  rise  in  HR  than  the  6-min  walk 
test  in  children  with  moderate  to  severe  CF  lung  disease.  It  may  be  of 
value  when  assessing  a  child's  suitability  for  lung  transplantation. 


Factors  Associated  with  Poor  Pulmonary  Function:  Cross-Sectional 
Analysis  of  Data  from  the  F^RCF.  European  F'pidemiolo}>ic  Reuislry 

of  Cystic  Fibrosis — Navarro  J.  Rainisiu  M.  Il.iniis  IIK.  Hudson  ME. 
Koch  C.  Maslella  (1.  et  al.  Eur  Respir  J  2(H)I  Aug;l8(2):298-3().'>. 

The  European  Epidemiohigic  Registry  of  Cystic  Fibrosis  began  collect- 
ing longitudinal  data  on  European  cystic  fibrosis  patients  in  1994.  A 
cross-sectional  analysis  was  performed  to  identify  the  factors  associated 
with  low  values  of  %  predicted  forced  expiratory  volume  in  one  second 
(FEV|)  upon  patient  enrolment.  Data  from  7.010  patients  aged  a  yrs 
were  included.  Clinical  conditions,  microbiological  isolates  and  medica- 
tions reported  al  enrolment  or  within  the  following  180  days  were  ana- 
lysed for  age-specific  associations.  Factors  associated  with  FEV,  that 
were  lower  by  >  10%  of  pred  values  were;  lower  weight  for  age  percen- 
tiles, haemoptysis,  pneumothorax,  pulmonary  symptoms  at  presentation. 
Psciulotmmas  iicruKhhisii.  Hiirkholdi'ria  cc/iacia.  oral  corticosteroids, 
nonsteroid  anti-intlammatory  drugs,  domase  alfa.  oxygen  and  assisted 
ventilation  and.  in  patients  >12  yrs  old  only,  use  of  airway  clearance 
techniques,  inhaled  bronchodilators.  oral  nutritional  supplements,  pan- 
creatic enzymes  and  insulin  or  oral  hypoglycaemics.  Slightly  impaired 
lung  function  (5-10%)  was  associated  with:  diabetes  (a  18-yrs-old), 
gastro-oesophageal  reflux,  allergic  bronchopulmonary  aspergillosis,  asth- 
ma-like symptoms,  portal  hypertension.  .4.v/)<-ri;i7/H\  v/)/;.  and  Caiulida 
spp.  Sex.  HiU'inoiiliihfs  injluenzae  and  Sltiplnlococcus  aureus  were  not 
associated  with  impaired  pulmonary  status.  Regular  exercise  (esfiecially 
in  older  patients)  and  nasal  polyposis  were  associated  with  slightly  better 
FEV|.  The  results  confirm  those  of  previous  studies  and  suggest  selective 
prescribing  in  sicker  patients. 

Influence  of  Neonatal  Screening  and  Centralized  Treatment  on  Long- 
Term  Clinical  Outcome  and  Survival  of  CF  Patients — Merelle  ME. 
Schouten  JP.  Gemtsen  J.  Dankert-Roeisc  JE.  Eur  Respir  J  2001  Aug: 
I8(2);306-315. 

After  an  experimental  neonatal  screening  program  for  c\  stic  fibrosis  (CF) 
from  1973-1979.  a  follow-up  study  look  place  from  1980-1997.  Patients 
were  treated  at  specialized  centres  (C)  or  at  local  hospitals  (non-C).  Aims 
of  the  study  were;  I )  to  determine  whether  the  previously  reported  ben- 
efits from  .screening  persisted  with  time  and  after  adjustment  for  con- 
founding variables;  and  2 1  to  investigate  whether  centre  treatment  was 
associated  with  improved  prognosis  of  CF  patients.  Prognosis  of  patients 
detected  by  screening  (S;  n  =  24)  was  compared  with  patients  detected 
clinically,  born  during  (non-S;  n  =  29)  and  after  the  screening  programme 
(post-S;  n  =  39).  In  addition,  prognosis  was  compiu'ed  between  45  C  and 
47  non-C  patients.  Multivariable  regression  analysis  was  used  to  compare 
survival  and  mixed-effects  model  regression  analysis  was  used  to  com- 
pare clinical  outcome  between  patients.  The  analyses  included  the  vari- 
;ibles  screening,  centre  treatment,  sex.  meconium  ileus  and  genotype.  S 
patients  had  a  significantly  smaller  decline  in  forced  expiratory  volume 
in  one  second  (FEV,)  (difference  -1-2.74%  predicted)  and  significantly 
lower  immunoglobulin-G  (IgGi  levels  (difference  -473.69  mg  x  dL') 
than  non-S  patients  until  12  yrs  of  age  At  12  yrs  of  age,  vital  capacity 
was  significantly  higher  in  S  patients  than  in  non-S  patients  (difference 
+  .^62. 79  inL).  Survival  seemed  to  be  best  for  S  patients  compared  to  both 
non-S  and  post-S  patients.  Post-S  patients  were  significantly  hea\ier 
(difference  in  SD  weight  -f  0.77),  had  a  significantly  smaller  decline  in 
FEV,  (difference  -t-2.80%  pred)  and  lower  IgG  levels  (difference  -453.04 
mg  X  dL  ')  than  non-S  patients  until  12  yrs  of  age.  C  patients  had  a 
significantly  improved  survival  (relative  risk  (RRlO.IS.  95%  confidence 
interval  0.05-0.57)  than  non-C  p;itienls.  liarly  diagnosis  through  neona- 
tal screening  leads  to  better  preservation  of  lung  function  in  the  long  term 
in  cy.stic  fibrosis  patients.  Management  of  cystic  fibrosis  patients  in  spe- 
cialized centres  improves  survival. 
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An  Evidence-Based  Approach  to  Acute  Respiratory  Distress  Syndrome 

Maureen  O  Meade  MD  MSc  and  Margaret  S  Herridge  MD  MSc 


Introduction 

Methods 

Review  of  the  Literature 

Lunj;-I'rotective  Ventilation  Strategies 

Inhaled  Nitric  Oxide 

Prone  Positioning 

Late-Phase  Corticosteroids 

Surviving  Acute  Respiratory  Distress  Syndrome:  Long-Term  Follow-Up 
Summary 


We  provide  an  evidence-based  approach  to  managing  patients  with  acute  lung  injury  and  acute  respi- 
ratory distress  syndrome  (ARDS).  We  searched  MEDLINE  and  the  Cumulative  Index  to  Nursing  and 
Allied  Health  for  randomized  trials  evaluating  lung-protective  ventilation  strategies,  inhaled  nitric  oxide, 
prone  positioning,  and  late-phase  corticosteroids  for  managing  these  patients,  and  for  additional  liter- 
ature related  to  long-term  follow-up  of  ARDS  survivors.  The  results  of  our  review  suggest  that  pressure- 
and  volume-limited  ventilation,  according  to  the  ARDS  Network  protocol,  can  reduce  mortality  for 
patients  with  acute  lung  injury,  and  so  may  an  "open  lung"  approach  to  mechanical  ventilaticm.  Those 
2  strategies  are  currently  being  compared  in  2  multicenter  randomized  trials.  Although  both  inhaled 
nitric  oxide  therapy  and  prone  positioning  can  produce  dramatic  acute  improvements  in  oxygenation 
for  some  patients,  there  is  no  evidence  that  these  interventions  can  benefit  patients  with  respect  to 
patient-important  outcomes.  Therefore  it  is  unreasonable  to  be  dogmatic  about  the  role  of  inhaled  nitric 
oxide  and  prone  positioning  in  ARDS.  The  role  of  corticosteroids  in  the  late  phase  of  ARDS  is  unclear 
and  remains  a  very  important  unanswered  question.  With  respect  to  long-term  follow-up,  we  found  that 
pulmonary  dysfunction  is  probably  not  a  major  source  of  morbidity  for  ARDS  survivors,  whereas 
neuropsychological  dysfunction  is  prominent.  Ongoing  research  may  suggest  interventions  to  improve 
the  outcome  of  ARDS  and  of  critical  illness  in  general.  Key  words:  mute  respiratory  distress  syndrome, 
ARDS.  acute  litiii;  injuiy.  ALL  crilicul  care,  nwciuinical  vcniilatitm.    [Respir  Care  20()I  ;46(  I2);1368-13761 


Introduction 

The  care  ol  paticiUs  with  acute  lung  injury  (ALI)  and 
acute  respiratory  distress  syndrome  (ARDS)  presents  an 
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interesting  challenge  to  critical  care  clinicians,  nov\  more 
than  ever  before.  The  results  of  recent  rantJoniizetJ  clinical 
trials  provide  exciting  evidence  that  our  bedside  delibera- 
tions over  ventilation  strategies  tnay  indeed  intluence  sur- 
vival. Leaders  in  pulmonary  physiology  and  critical  care 
are  advocating  tracheal  gas  insuftlation  and  new  strategies 
for  patient  ptjsitioning.  while  others  are  attempting  to  per- 


Correspondence:  Maureen  O  Meade  MD  MSc,  Department  of  Clinical 
lipideniiology  and  Biostatistics,  H,SC-2CI(),  McMaster  University  Health 
-Sciences  Centre,  12(H)  Main  Street  West,  Hamilton  ON  L8N  }Zf<.  Can- 
ada. E-mail;  meadematjhhsc.ca. 


1368 


Respiratory  Care  •  December  2001  Vol  46  No  12 


An  Evidhnch-Basi.i)  Approach  io  Act  ii  Risi'irator'i  Dim  kiss  Syndromi; 


Muiili.-  us  to  ivtuni  Id  m]  ayo-oltl  inclhixl  ol"  iipplyinji  high 
IcvoK  iilpiisilivc  ciHl-i.-\pii;iii>i\  pivsMirc  (PF.KP).  Mean- 
while. inilusiiA  presents  lis  with  sophisticated  leehiiologies, 
iio\el  therapies,  ami  attraetixe  hc|iiii.ls.  all  sho\Mi  to  aeuteK 
imiiro\e  owiienation.  There  are  innumerable  options. 

C'linieians  at  the  bedside  ot'len  eiisjaye  in  iliseussioiis 
abinit  the  appropriateness  of  any  or  many  of  these  strate- 
gies lor  indi\  idiial  AI.I  patients,  ret'errint;  to  physiology,  clin- 
ical research,  lahorator},  reseiireh.  and  clinical  experience. 
Our  liecisions  tor  patient  care  often  vary.  Is  there  a  standard 
\\a>  in  which  ue  should  approach  the  a\ailablc  evidence? 

One  of  the  guiiling  tenets  of  evidence-based  medicine  is 
a  hierarchy  of  evidence.'  Evidence  may  derive  from  clin- 
ical observations,  physiology  and  physiologic  rationale, 
laboratory  research,  clinical  research,  randomi/ed  clinical 
trials,  or  systematic  reviews.  All  of  these  types  of  evidence 
ha\e  an  important  role  in  clinical  medicine,  and  all  of  them 
have  limitations  (Table  1  ). 

An  awareness  and  understanding  of  the  hierarchy  of 
e\  idence  outlined  in  Table  1  can  guide  our  decision-mak- 
ing, lirst.  when  ci>nsitlering  a  particular  inter\ention  for  a 
patient  with  ALL  clinicians  should  strive  to  know  the  high- 
est level  of  rele\aiit  evidence  supporting  (or  refuting)  an 
inlerxention.  If  the  highest  level  of  e\ idence  is  quite  de- 
liniiive  (eg.  a  large  randomized  trial  demonstrating  a  treat- 
ment effect  that  is  both  clinically  important  and  .statisti- 
callv  significant),  there  may  be  no  need  to  consider  lower 
levels  of  evidence.  In  AI.I  this  is  rarely  the  case  and  we 
must  look  further.  If  the  highest  level  of  evidence  is  rel- 
atively low  in  the  hierarchy,  one  may  consider  other  types 
of  evidence.  If  the  highest  level  of  evidence  is  derived 
from  a  poorly  designed  study,  that  evidence  should  not 
necessarily  supersede  lower  levels  of  ev idence  in  the  hi- 
erarchy. Even  if  results  of  multiple,  well-designed,  large, 
rantlomi/ed  trials  support  a  particular  intervention  for  pop- 
ulations of  ALT  patients,  that  evidence  does  not  dictate  our 
decisions,  which  must,  ultimately,  be  patient-centered.  This 
principle  is  illustrated  in  the  following  2  examples. 

lirsi.  there  is  clear  evidence  from  several  randomi/ed 
trials  and  systematic  reviews  that  aspirin  prevents  moilal- 

Tatile  I.      Hierarctiv  of  Evidence 


Evidence  Type 


Limitations 


II  of  1  r;indomi/cd  trial 
Mela-analysis 

Randomi/cd  controlled 

trial 
Observational  controlled 

study 
l.ahoratory  investigation 
Chnical  observation 
Physiologic  rationale 


Results  apply  to  a  single  patient  only 
Limited  b)  the  quality  of  included 

studies 
Results  address  populations,  not 

always  individuals 
Always  prone  to  multiple  s<iutccs  ol 

bias 
Uncertain  gcnerali/ability  to  humans 
Unsystematic;  e.vtremely  open  to  bias 
Frequently  erroneous 


ity  in  the  setting  of  acute  myocardial  infarction.-  However. 
ni>  one  would  dispute  a  decision  to  withhold  aspirin  from 
an  allergic  patient  who  has  suffered  severe  asthma  attacks 
following  prior  aspirin  ingestions.  .Second,  there  is  strong 
evidence  from  a  large  randomized  trial  that  a  low  tidal 
volume  (V|)/low  airway  pressure  strategy  improves  sur- 
vival for  most  ALI  patients.'  According  to  the  study  pro- 
tocol, acidosis  should  not  prompt  a  violation  of  the  limits 
of  airway  pressure  and  V,  unless  pH  falls  below  7. 1.5. 
However,  for  a  patient  with  ALI  and  a  history  of  malignant 
arrhythmias,  including  cardiac  arrest,  w  ho  is  awaiting  place- 
ment of  an  automatic  implantable  defibrillator,  it  would  be 
reasonable  to  keep  pH  >  7.25  if  that  appears  to  be  a 
threshold  for  premature  ventricular  contractions  for  that 
patient. 

There  is  often  a  great  temptation  to  let  clinical  experi- 
ence and  physiologic  rationale  guide  clinical  decision- 
making, even  when  these  contlict  with  the  results  of  high- 
quality  clinical  research  evidence.  This  approach  can  be 
potentially  harmful  to  patients.  In  the  2  examples  described 
above,  clinical  observations  and  physiologic  rationale  ap- 
propriately supersede  recommendations  that  are  based  on 
a  large  and  well-conducted  randomized  clinical  trial.  What 
if  the  patient  with  acute  myocardial  infarction  had  simplv 
stated,  "l  am  allergic  to  aspirin"?  No  doubt,  caregivers 
would  push  the  point  and  determine  the  nature  of  symp- 
toms experienced  w  ith  prior  aspirin  ingestion.  If  the  pa- 
tient had  experienced  episodes  of  dyspepsia,  without  gas- 
trointestinal bleeding,  rash,  or  bronchospasm,  caregivers 
would  be  correct  to  recommend  aspirin,  explaining  this 
recommendation  to  the  patient.  Similarly,  if  the  patient 
w ith  .^LI  did  not  have  a  history  of  malignant  arrhythmias, 
then  violating  the  studv  protocol  would  not  be  warranted 
unless  that  is  how  premature  ventricular  contractions  were 
treated  in  the  context  of  the  clinical  trial.  Though  pressure 
and  vdIuihc  limitation  has  been  shown  to  save  lives,  pre- 
venting premature  ventricular  contractions  through  alter- 
ations in  acid-base  status  has  not.  Therefore  we  must  be 
extremely  cautious  in  exercising  our  understanding  of  phys- 
iology if  these  actions  counter  an  alternative  course  sug- 
gested by  much  higher  levels  of  evidence. 

This  introduction  describes  an  ev  idence-based  approach 
to  the  management  of  ALI  and  ARDS  patients.  The  fol- 
lowing section  outlines  our  review  methods.  Subsequently, 
we  present  the  results  of  our  review,  and  in  the  final  sec- 
tion we  discuss  the  implications  for  respiratory  care. 

Methods 

This  systematic  reviev\'  was  conducted  for  the  purposes 
of  a  presentation  at  the  Risimrmory  Cari;  Journal  Confer- 
ence in  Banff,  Alberta,  in  April  20-22.  2001.  We  were 
charged  w  ith  the  tasks  of  addressing  questions  of  both  ( I ) 
therapeutic  efficacy  and  (2)  long-term  follow-up  of  ARDS 
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suiMMirs.  Otic  person  condiiclcd  llic  lilciatiirc  sCiiichcs. 
one  reviewed  the  titles  and  abstracts  lor  potentially  rele- 
vant ailicles.  one  reviewed  all  potcntiall\  relevant  articles, 
and  one  selected  articles  for  inclusion  in  tins  review,  as 
described  below 

To  address  tjiiestions  ol  ilierapcLitic  elTicacy.  we  searched 
MHOLINE  ( l%A  to  2000)  using  the  search  terms  "respi- 
ratory distress  syndrome,  acute."  "human."  and  "random- 
ized controlled  trials."  We  also  used  the  Cumulative  Index 
to  Nursinj:  and  Allied  Health  (1982  to  2000)  and  the  Co- 
chrane Database  of  Systematic  Re\  iew  s.  Our  criteria  tor 
inclusion  included: 

I't'imliiUinis:  criticalK  ill  adults  with  ALI  or  ARDS. 

Iiiicrveiiiions:  pressure-  and  volume-limited  \entilation 
strategies,  high-PEEP  strategies,  prone  ventilation,  inhaled 
nitric  oxide,  and  systemic  corticosteroids  for  late-phase 
ARD.S. 

Control  inlciTcniions:  conventional  care,  and 

Outcomes:  mortality. 

To  address  questions  related  to  the  long-term  follow-up 
of  ARDS  patients  we  searched  MEDLINE  (1966  to  2000) 
using  the  .search  terms  "respiratory  distress  syndrome." 
"human."  and  "follow-up  studies  OR  cohort  studies  OR 
puhnonary  function."  We  also  used  the  Cuinulative  Index 
to  Nursing  and  Allied  Health  (1982  to  2000)  and  the  Co- 
chrane Database  of  Systematic  Reviews.  We  elected  to 
review  all  studies  of  long-term  follow-up  in  adult  survi- 
vors of  ARDS,  excluding  studies  evaluating  only  long- 
term  mortality,  studies  reporting  on  <  5  patients,  and  stud- 
ies published  exclusively  in  languages  other  than  English. 

We  reviewed  each  article  using  an  approach  outlined  in 
2  articles  from  the  Uscis'  Guide  to  the  Medical  Literature 
series:  "How  to  Appraise  an  Article  about  a  Therapy  or 
Prevention"^  and  "How  to  Appraise  an  Article  about  Prog- 
nosis."^ To  appraise  articles  about  therapy,  we  looked  for 
true  randomization,  concealrnent,  blinding,  baseline  simi- 
larity of  study  groups,  report  of  the  use  of  co-interven- 
tions, rates  of  follow-up.  and  intention-to-treat  analysis. 
To  appraise  articles  on  long-term  follow-up  we  looked  for 
the  inclusion  of  a  representative  sample  (high  rates  of 
follow-up)  and  mibiased  outcome  criteria. 

We  pooled  data  quantitatively  only  when  it  seemed  ap- 
propriate based  on  examination  of  the  populations,  inter- 
ventions, and  control  interventions  in  the  original  studies, 
based  on  \  isual  inspection  of  study  results,  and  based  on 
lormal  tests  for  heterogeneity  among  study  results.'' 

Review  of  the  Literature 

Lunjj-Protectivi'  \  entihitiim  Stratcjjies 

Ventilator-associated  lung  injur\  can  be  causctl  by  se- 
lective over-distent  ion  of  relativ  el\  normal  lung  units  ( \  olu- 
Irauma).    repetitive  opening  and  closing  of  terminal  lung 


units  (shearing  injury),'*  oxygen  toxicity,''  and  adverse  ef- 
fects of  intlammatory  mediators  and  oxidant  molecules 
(biotrauma).'"  The  most  widely  studied  lung-protective 
strategies  include  pressure-  and  volume-limited  ventilation 
strategies  and  "open  linig"  ventilation. 

Pressure-  and  Volume-Limited  Ventilation.  There  are 
4  reported  randomized  trials  of  pressure-  and  volume-lim- 
ited ventilation  strategies,  which  have  been  conducted  in 
Canada,"  Europe,'-  Maryland,''  and  across  the  United 
States. "*  A  fifth  study  compared  pressure-limited  and  vol- 
imie-controlled  modes,  but  that  study  did  not  compare 
ventilation  strategies  with  alternative  constraints  of  pres- 
sure and  volume,  or  PEEP,  so  we  excluded  that  study. '■■ 

All  4  studies  included  ARDS  patients,  and  both  the 
ARDS  Network  study'  and  the  Canadian  trial  included 
patients  with  less  severe  ALI.  The  European  trial  was 
unique  in  the  inclusion  of  patients  with  single  organ  failure 
(lung  injury),  only.  The  pressure-  and  viilume-limited  ven- 
tilation strategies  included  V,  of  4-8  niL/kg  in  most  stud- 
ies, and  as  high  as  6-10  mL/kg  in  the  European  trial. 
Limits  of  airway  pressures  ranged  from  25  to  30  cm  H^G, 
and  some  studies  focused  on  plateau  airway  pressure'-'-'^ 
whereas  others  focused  on  peak  inspiratory  airway  pres- 
sure." Control  group  strategies  limited  Vp  to  the  tradi- 
tional range  of  10-1.'^  mL/kg  (simply  12  mL/kg  in  the 
ARDS  Network  trial),  and  airway  pressures  in  control 
groups  ranged  from  45  to  60  cm  H2O.  The  studies  differed 
with  respect  to  the  management  of  acidosis.  ARDS  Net- 
work investigators  were  most  aggressive,  endeavoring  to 
keep  pH  >  7.30  for  all  patients,  and  allowing  violations  of 
the  Vj  and  airway  pressure  limits  when  pH  fell  below 
7.15.  In  contrast,  the  Canadian  investigators  strove  to  keep 
pH  >  7.35  but  did  not  dictate  volume  and  pressure  viola- 
tions until  pH  fell  to  7.00. 

The  ARDS  Network  investigators  were  among  the  most 
scrupulous  about  controlling  important  threats  to  the  va- 
lidity of  their  results.  All  studies  were  randomized  and 
concealed,  and  all  four  found  similaritv  of  the  2  study 
groups  at  the  time  ol  randomi/alion  with  respect  to  im- 
portant determinants  of  outcome.  Unbalanced  use  of  co- 
interventions  (for  instance,  inhaled  nitric  oxide)  between 
study  groups  did  not  appear  to  be  an  important  feature  of 
any  of  the  studies.  All  of  the  studies  included  complete 
follow-up  and  inlention-to-treal  analvsis.  The  .ARDS  Net- 
work siudv  was  one  of  three  thai  were  stopped  early  ac- 
cording to  a  priori  slopping  rules.'-'-" 

The  study  results  are  outlined  in  Table  2.  Only  the  .-XRDS 
Network  trial  foimd  a  significantly  lower  mortality  in  as- 
sociation with  the  experimental  strategy.  The  relative  risk 
of  mortality  associated  w  ith  low-V,  ventilati('n  was  0.78 
(95%  confidence  interval  0.65-0.93).  This  means  that  for 
every  12  studv  patients  ventilated  using  the  pressure-  anil 
volume-limited  approach,  one  death  was  prevented  at  the 
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28lh  day  of  study.  The  dilTerenccs  amoiij;  the  study  results 
must  he  considered  in  the  cdntext  of  the  similarities  and 
dilTeienees  anmni:  tiie  studies  discussed  ahi)\e.  More  ini 
jiortantK.  tiie  conllicting  results  slioiili.1  be  coiisulcivti  m 
light  ot  the  tindinj;  that  the  dilTeiciKcs  in  airuas  |iressures 
and  in  V,  between  experiTiiental  and  control  groups  in  the 
ARDS  Network  trial  were  greater  than  in  any  other  trial. 
Only  in  the  ARDS  Network  trial  did  the  plateau  airway 
pressure  dilterence  between  groups  cross  the  physiologi- 
calK  important  threshold  ot  M)  cm  H,0,  a  threshold  be- 
sond  which  o\er-distentii)n  injury  is  believed  most  likely 
to  occur. '^  For  that  reason  and  the  dilTerences  m  ihe  man- 
agement of  acidosis  among  the  trials,  we  do  not  believe  it 
is  reasonable  to  pool  data  across  these  4  studies  in  a  t|uan- 
titati\e  meta-analysis. 

"Open  l.iiiifj"  N  entilati(»ii.  An  "open  lung"  approach  to 
mechanical  \entilaiion  v\as  evaluated  in  a  randomized  con- 
trolled trial  conducted  by  Amato  et  al.'^'  Patients  in  the 
"open  lung"  group  were  ventilated  using  pressure  control 
mode,  targeting  Vj  to  6  niL/kg.  and  restricting  plateau 
airway  pressures  to  <  40  cm  H^O.  High  levels  of  PEEP 
v\crc  used  in  that  group,  as  determined  by  static  pressure- 
volume  cur\es,  conducted  at  the  time  of  randomization, 
that  were  used  to  identify  a  lower  intlection  point,  and 
PEEP  was  applied  at  2  cm  H^O  above  that  point  lmuiI 
the  concentration  of  inspired  oxygen  had  been  titrated  to 
<  0.4.  Finally,  in  that  group,  lung  recruitment  maneuvers 
were  conducted  following  each  disconnect  of  the  patient 
from  the  ventilator,  in  order  to  recruit  alveoli  that  may 
ha\e  collapsed  during  the  disconnect.  The  lung  recruit- 
ment maneuver  consisted  of  a  sustained  inflation  at  3.^-40 
cm  H,0  for  40  seconds.  In  contrast,  patients  in  the  control 
group  were  ventilated  using  volume-cycled  modes,  at  a  V , 
of  12  niL/kg.  There  were  no  limits  on  plateau  airway 
pressure  in  the  control  group,  and  investigators  followed  a 
more  conventional  strategy  for  titrating  PEEP,  which  re- 
sulted in  a  significant  PEEP  difference  between  the  2  study 
groups.  This  study  was  also  stopped  early.  Investigators 
obser\'ed  a  t|incker  recovery  of  liuig  function  associated 

Table  2.       Resulls  ol  Studies  of  Pressure-  and  Vo!umc-l.iniilL\l 
Venlilalion 


First  Author 


Control 


PVl.V 


Monality  (%)  Mortality  (%) 


RR  CW/r  CD 


Stewart" 

120 

46.7 

Brochard'- 

lUi 

.V.'J 

Brower" 

52 

46.0 

ARDS  Network' 

S61 

.^y.x 

50.0 
46.6 
50.0 
.11.0 


1.07(0.74-1.55) 
1.23(0.80-1.89) 
l.oy  (0.62-1.91) 
0.7S  (0.65-0.9.1) 


PVt.V  =  pressure-  and  \olumc-limilctl  vcnlilalii 

KK  ~  relative  risk  iif  monalily 

CI  -  eonHdcnee  inlerMil 

.■\RD.S  =  aculc  rcspiralor)  disla*\s  fiyndninie 


with  the  "open  lung"  approach  and.  more  importantly,  a 
large  ami  statistically  significant  reduction  in  the  risk  ot 
Miori,ilii\  {l\'/i  for  controls  versus  .3S'/f  for  the  experimcn- 
l.il  gnuip.  M.S'i  confidence  interval  O.^I    0.91). 

Inhaled  Nitric  Oxide 

Inhaled  nitric  oxide  is  a  selective  pulmonary  vasodilator 
that  can  improve  ventilation  and  perfusion  matching  to 
achieve  a  dramatic  acute  improvement  in  oxygenation  for 
some  patients.  However,  the  potential  for  harm  and  the 
costs  of  inhaled  nitric  oxide  therapy  are  substantial. 

The  question  of  whether  inhaled  nitric  oxide  can  im- 
prove patient-important  outcomes  has  been  evaluated  in  a 
number  of  trials  conducted  in  adult  intensive  care  units 
(ICUs)  across  America'^  and  Europe."*  and  in  Salt  Lake 
City'"  and  Montreal.-"  Most  studies  focused  on  ARDS 
patients,  though  the  European  siudv  included  ALI  patients, 
and  one  of  the  single-center  studies  included  children.  Only 
one  study  was  blinded. '^  Table  .^  illustrates  the  results  of 
those  trials.  Our  assessinent  of  the  similarities  and  differ- 
ences of  those  studies,  and  our  visual  assessment  of  the 
estimates  of  efficacy  w  ith  respect  to  patient  mortality  across 
studies,  lead  us  to  conduct  a  formal  statistical  test  of  het- 
erogeneity and,  ultimately,  to  pool  the  results  across  stud- 
ies for  the  purpose  of  the  present  review.  No  study  found 
an  important  survival  benefit  and  (using  either  a  random 
effects  model  or  a  fixed  effects  model)  the  pooled  estimate 
of  the  relative  risk  of  niortalit\  is  1.12.  with  a  9^^'^/  con- 
fidence interval  that  overlaps  1.0  (0.90-1 .40).  In  other 
words,  the  best  estimate  of  relative  risk  indicates  that  mor- 
tality is  12'/r  higher  for  patients  who  receive  inhaled  nitric 
oxide  therapy  than  for  patients  who  do  not.  However,  the 
results  do  not  exclude  the  potential  for  a  10%  improve- 
ment in  siirv  ival.  based  on  the  lower  level  of  the  confi- 
dence interval  at  0.90.  These  results  are  consistent  with  the 
findings  of  a  recent  Cochrane  rev  ievv.-' 

Prone  I'ositioninu 

The  mechanisms  of  potential  benefit  with  prone  posi- 
tioning have  been  studied  extensively  and  include: 

Table  .1.      Results  of  Studies  of  Inhaled  Nitric  Oxide  Therapy 


First  .Author        ii 


Control 

Morl;ilil\  I' 


Nitric  Oxide 
Mortality  (%) 


RR  (95'7r  CI) 


1K-Ilmi:ci 
Lundin'* 
Michael'" 
Troncv-'" 


177 

ISO 
40 
.10 


41.7 
45.0 
5.1. .1 


29.2 

51.6 
55.0 
60.0 


0.97(0.60-1.57) 
1.17(0.86-1.-59) 
I  21  (0.66-2.2.1) 
I  i:(().6l-2.06» 


RR  =  ivlalive  ri.sk  of  tnofliilily 
Cl  -  eonfidencc  interval 
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•  A  rcduLTuin  in  the  CDmpicssisc  loacs  ot  ilic  heart  (in 
dorsal  Uuig  logions. 

•  Re-expuiisii)iU)t  kuig  regions  sutTeringgra\  n)  -niduced 
atelectasis. 

•  Iniprcnenient  in  ciiest  v\all  compliance  and  a  resultant 
increase  in  Junctional  residual  capacity,  vsith  an  attendant 
(hspothetical)  reduction  in  ventilator-associated  lung  in- 
jury. 

•Little  et't'eci  on  regional  perlusion.  uith  a  lesuliant 
iinpro\enieiit  \n  the  matching  ot  ventilation  and  perlusion. 
and. 

•  Superu)!  diainiiig  ol  hronchial  secretions. 
Systematic  observations  of  the  physiologic  eftects  of 

prone  positioning  are  leported  in  14  case  series,  including 
260  ARDS  patients,  of  v\hich  697c  responded  with  an 
acute  improvement  in  oxygenation.---'"*  The  reproducibil- 
ity of  that  response  was  variable.-''-''''*  Patients  among 
those  studies  were  cared  for  in  the  prone  position  for  pe- 
riods ranging  from  2  to  20  hours.  The  duration  of  effect 
also  differed  across  studies.  Six  of  the  studies  took  a  sys- 
tematic look  at  adverse  effects, -'■-■'■-''■-''■"'■"  which  were 
rare  but  included  extubation,  central  line  removal,  central 
line  compression,  supraventricular  tachycardia,  acute  api- 
cal atelectasis,  acute  deterioration  in  oxygenation,  and  hip 
and  shoulder  contractures.  In  addition,  clinicians  familiar 
with  prone  ventilation  can  attest  to  the  pressure  necrosis 
and  severe  edema  that  can  occur  on  the  face.  They  are  also 
concerned  about  delayed  resuscitation  from  cardiac  arrest 
for  patients  who  are  nursed  in  the  prone  position  and  must 
be  turned  supine  while  taking  care  of  all  central  venous 
lines,  chest  tubes,  and  the  endotracheal  tube,  in  the  event 
of  a  cardiac  arrest. 

There  is  currently  one  completed  trial  and  there  are  2 
ongoing  randomized  trials  of  prone  positioning  for  ARDS 
patients."'  Gattinoni  et  al  enrolled  approximatelv  300 
ARDS  patients  from  across  Europe  in  a  randomized  trial 
in  which  the  experimental  group  was  ventilated  in  the 
prone  position  for  6  hours  daily  and  the  control  group 
received  usual  care  without  prone-position  ventilation."' 
The  study  was  not  concealed,  but  patients  were  shown  to 
be  similar  in  the  2  groups  at  baseline  with  respect  to  known 
determinants  of  outcome,  there  were  only  minimal  cross- 
overs or  uses  of  co-interventions,  and  there  was  100% 
follow-up.  and  an  intention-to-treat  analysis.  There  was  no 
difference  between  the  groups  with  respect  to  the  duration 
of  mechanical  ventilation  or  patient  mortality.  In  one  of 
the  2  ongoing  European  randomized  trials,  patients  with  a 
ratio  of  arterial  partial  pressure  of  oxygen  to  traction  of 
inspired  oxygen  (P:,o,/Fio,)  —  300  were  randomly  assigned 
to  either  prone  positioning  for  at  least  8  hours  daily  or 
supine  positioning."  Severely  hypoxic  patients  (P.,(),/F„,, 
:S  60  while  on  100%  oxygen)  were  able  to  cross  over  to 
receive  prone  ventilation.  A  midpoint  interim  analysis  in- 
cluding 384  patients  has  revealed  baseline  similarity  be- 


tween the  2  studv  groups  and  no  a|iparent  dilference  in 
mortality.*'* 

Late-Phase  Corticosteroids 

Meduri  et  al  randomly  assigned  patients  with  severe 
ARDS  unresolving  at  7  da>s  and  no  evidence  of  untreated 
intection  to  receive  either  methylprednisolone  (at  2  mg/ 
kg/d  for  32  days)  or  a  placebo  control.*''  Patients  in  both 
groups  underwent  high  surveillance  for  new  infections. 
This  study  had  a  number  ot  strengths,  including  concealed 
randomization  and  blinding  of  patients,  caregivers,  inves- 
tigators, and  outcome  assessors.  The  statistical  approaches 
may.  however,  produce  misleading  results.  Patients  were 
randomly  assigned  to  the  2  groups  at  a  rate  of  2  to  1.  so 
that  there  were  lialf  as  many  patients  randomized  to  the 
control  group.  In  addition,  one  half  of  control  patients 
crossed  over  at  day  10,  .^s  a  result  of  unconventional 
stopping  rules,  the  study  ended  after  the  enrollment  of  24 
patients  and.  as  a  result  of  the  other  statistical  issues  de- 
scribed above,  only  4  patients  received  only  placebo  ther- 
apy. In  general,  the  allowance  of  crossovers  in  a  random- 
ized trial  will  lead  to  an  underestimation  of  treatment  effects. 
However,  in  the  context  of  such  a  small  study,  w  ith  one- 
sided statistical  tests  and  unconventional  stopping  rules,  it 
is  possible  that  the  observed  results  are  a  chance  phenom- 
enon. Having  said  that,  study  results  were  consistent  with 
a  potentially  important  benefit  from  corticosteroids  in  late- 
phase  ARDS.  At  day  10.  patients  in  the  steroid  group  were 
progressing  significantly  better  with  respect  to  severity  of 
lung  injury  (as  measured  by  Lung  Injury  Score  and  P^o,^ 
F|Q  ),  organ  dysfunction  (as  measured  by  the  Multiple- 
Organ  Dysfunction  Score),  extubation  rates,  and  survival 
rates.  Crossovers  were  allowed  at  that  time,  and  4  placebo 
patients  crossed  ov  er.  Three  of  those  4  patients  died.  Con- 
ducting an  intention-lo-treat  analysis,  there  were  zero  ICU 
deaths  in  the  steroid  group,  compared  to  .^  in  the  placebo 
group  (p  =  0.032).  and  there  were  2  and  .^  hospital  deaths, 
respectively  (p  =  0.26). 

Siirvivinj;  .\ciitc  Respirator)  Distress  Syndrome: 
Lonji-Terni  FoIIom-1  p 

.ARDS  follow-up  studies  have  evolved  from  isolated 
pulmonary  function  assessments  to  pulmonarv'  function 
assessments  combined  with  functional  outcome  measures 
and  generic  and  disease-specific  quality  of  life  measures. 
This  evolution  of  the  .ARDS  outcomes  literature  retlects 
the  realization  that  multiple  morbid  outcomes  need  to  be 
measured  simultaneously  to  understand  the  nature  and  de- 
terminants of  functional  disability  and  how  this  can  be 
remediated.  Other  limitations  of  the  current  literature  in- 
clude (1)  the  difficulty  in  retaining  the  follow-up  popula- 
tion over  time,  (2)  the  population  heterogeneity  inherent  in 
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the  ARDS  ilclinilion.  and  (3)  the  need  for  a  comprehensive 
ICU  and  post-lCU  data  set  to  understand  the  impact  ot 
ICU  and  post-ICU  intervention  on  morhidit\.  As  well, 
main  researchers  appreciate  the  need  for  in-person  ilia 
logue  with  ARDS  survivors  to  understand  concerns  and 
complaints  that  may  not  be  captured  by  structured  quahty- 
of-life  questionnaires.  .Ambulatory  follow-up  with  a  home 
\  isit  program  may  help  to  o\ercome  many  of  those  obsta- 
cles and  may  represent  a  viable  new  model  for  ARDS 
outcomes  research. 

Pulmonary  Function.  PiilinonarN  lunciion  has  been  c\  al- 
uated  in  IS  studies  of  392  ARDS  survivors  includcil  in  this 
review.^"  ^"  The  rales  of  follow-up  of  survivors  differed 
among  the  studies,  introducing  a  potential  threat  of  selec- 
tion bias.  If  patients  do  not  follow  up  because  they  are  too 
debilitated,  reports  may  be  over-optimistic  as  a  result.  If 
investigators  focus  their  research  on  symptomatic  patients, 
the  reports  may  overestimate  the  degree  of  pulmonary  dys- 
function in  ARDS  survivors.  The  degree  of  follow-up  and 
the  reasons  for  lack  of  follow-up  in  many  of  the  studies 
were  not  explicit.  Six  groups  of  investigators  attempted 
serial  follow-up  of  ARDS  survivors.-'-'-'^ -"** '^" '^-■"  Seven 
groups  reported  essentially  normal  pulmonary  function  be- 
yond 6  months  to  2  years,  aside  from  persistently  de- 
creased measures  of  diffusion  capacity.^--^'-"''^"-''''^-*"  Five 
reported  minimal  to  mild  abnormalities  t)f  pulmonary  func- 
tion in  up  to  25-50%  of  patients  at  that  time.-*'-*-'^-^^-'"-^' 
Two  studies  reported  moderate  to  severe  abnormalities  in 
a  total  of  b  patients  at  1  year  or  beyond. ■"■■''^  In  other 
words,  the  rate  of  important  abnormalities  in  pulmonary 
function  test  (PFT)  results  is  not  high  in  ARDS  survivors. 
The  severity  of  abnormalities  was  not  documented  in  3 
studies.*^ '■^''''''  Pulmonary  function  abnormalities  included 
a  broad  range  of  obstructive  and  restrictive  patterns,  the 
latter  being  somewhat  more  prominent.  A  persistent  re- 
duction in  diffusion  capacity  was  very  common,  with  or 
without  other  associated  abnormalities.  Interestingly, 
among  the  10  studies  that  reported  on  patient  symp- 
tom.s,-*"-'''-''"-''-"'^  only  five  observed  any  degree  of  pul- 
monary symptoms. ■"■'^"-^-■^'-^'^  Three  studies  found  that  pul- 
monar)  function  abnormalities  were  directly  related  to  the 
severity  of  ARDS.-"*-"'  and  two  did  not.*'  "^^  Two  studies 
found  that  the  degree  of  abnormalities  in  PFT  results  were 
related  to  the  duration  of  ARDS.-"*'  and  two  did  not.-'^*'' 
The  heterogeneity  in  reported  pulmonary  function  is 
somewhat  puzzling.  A  recent  follow-up  study  of  ambula- 
tory patients  may  provide  important  insights  into  those 
apparently  discordant  findings.-**  A  proportion  of  patients 
with  bronchiolitis  obliterans  and  bronchiolitis  obliterans 
with  organizing  pneumonia  were  captured  by  the  .Ameri- 
can Eurt)pean  Consensus  Conference  definition  for 
ARDS.^"*  The  natural  pulmonary  history  of  these  diseases 
is  very  different  from  diffuse  alveolar  damage  and  if  left 


untreated  will  progress  to  pulmonary  fibrosis  and  substan- 
tial restrictive  pulmonary  disease.  The  heterogeneity  of  the 
■ARDS  population  may  directly  impact  the  degree  of  re- 
ported pulinoiiarv  morhiiliis  and  may  account  fur  the  dif- 
ferences. 

Functional  F'xercise  Capacity.  Two  of  the  studies  re- 
ported above  e\ aluated  Junctional  exercise  capacity,  using 
a  (S-minute  walk  test  either  between  1  and  2  years  after 
ARDS-"  or  during  a  longitudinal  follow-up  at  1,  6.  and  12 
months.'''  In  both  studies,  finictional  capacity  was  moder- 
alcK  linnied.  hut  not  as  a  result  of  respiratory  problems,  as 
evidenced  by  the  essentialls  normal  PFT  results.  Further- 
moie.  in  a  study  of  ambulatory  patients,  with  90%  fol- 
low-up of  all  registered  ARDS  survivors,-'*  only  1%  of  the 
patients  were  observed  to  desaturate  to  <  88%  during 
exercise  at  1  year.  Clinical  examination  suggested  that 
poor  functional  capacity  was  related  to  generalized  muscle 
weakness,  muscle  wasting.  ICU-acquired  nerve  entrapment 
syndromes,  and  heterotopic  ossification.  Consistent  with 
this  hypothesis,  improvements  in  exercise  capacity  over 
the  first  year  mirrored  global  recovery.-** 

Health-Related  Quality  of  Fife.  All  8  investigations  of 
health-related  quality  of  life  (HRQL)  among  ARDS  sur- 
vivors employed  generic  scores  and  observed  significant 
impairment,  primarily  in  the  domain  of  physical  func- 
tion.""-'**-*''"''' Three  studies  also  used  respiratory-dis- 
ease-specitlc  questionnaires  and  found  that  impaired  func- 
tion was  consistent  with  the  presence  of  moderately  severe 
respiratory  disease. -"■*-■*'"  One  set  of  investigators  suggested 
that  respiratory  dysfunction  in  ARDS  survivors  ma\  there- 
fore have  been  previously  underestimated."^'  However,  in 
studies  that  conducted  concuiient  PFTs  and  tests  of  func- 
tional exercise  capacity,  results  Irom  those  tests  were  rel- 
atively normal,  suggesting  that  impaired  physical  function 
in  ARDS  survivors  is  unlikely  to  be  related  to  pulmonary 
disease.-"  -'"'  Patients  do  report  exeitional  dvspnea  but  char- 
acterize it  as  extrapulmonary  dyspnea  on  the  basis  of  a 
perceived  increased  work  of  breathing  related  to  global 
muscle  loss/weakness.^*  These  findings  highlight  the  dif- 
ficulty in  applying  a  disease-specific  HRQL  measure  to 
patients  for  whom  the  instrui-iient  was  not  validated:  re- 
sults may  be  misleading.  .An  alternative  hypothesis  for  the 
Davidson  ct  al  results""  relates  to  heterogeneitv  in  the 
population  of  patients  captuied  by  the  .ARDS  definition.  If 
those  investigators  captured  a  greater  proportion  of  pa- 
tients with  bronchiolitis  obliterans/bronchiolitis  obliterans 
w  ith  organizing  pneumonia  in  their  cohort,  thev  may  have 
reported  an  increased  incidence  of  true  pulmonary  mor- 
bidity. 

Neurops\ch(>l(i;;ical  .Morbidity.  Four  groups  have  in- 
vestigated a  number  of  neuropsychological  sequelae  of 
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ARDS  m  siir\i\i)is  aiul  lia\c  obscivcd  siihsiaiuial  cogni- 
ti\e  ami  altccliNC  impaiinienl  at  Imspiial  discharge,  with 
cognili\c  iinpaiiMicni  pLMsisiinj:  after  I  year.'''  post-trau- 
matic stress  tlisortier.'^'''  with  greater  recall  ol  traiiuiatic 
Id'  e\ents  enrrelatiiig  with  wcirse  neiiropsvcholuyicai 
conipiaints  and  IIK(,)L."'  and  proinineni  hallucinations. 
paranoia,  depressed  mood,  and  personality  changes.-'''''' 

A  prospeeti\e  study  ol  ambulatory  AKD.S  survivors  is 
currentlx  underway  in  Toronto. ^^  ARD.S  patients  are  reg- 
istered pn)specti\elN  and  tollowed  in  an  ambulatory  set- 
ting or  in  their  homes  at  I.  6.  and  12  months,  and  exery  (S 
nuinths  thereafter  to  ."^  years  after  discharge  from  ICU. 
Each  patient  undergoes  a  structured  and  unstructured  in- 
terview, limited  physical  examination.  I'F-T.  6-minute  walk 
test.  HRQl.  assessment  with  the  Medical  OiUcomes  .Study 
Short  Form  36  and  the  St  George's  Respiratory  Question- 
naire, and  detailed  e\aluation  of  his  or  her  pattern  and  cost 
of  health  care  utilization.  The  study  is  the  most  compre- 
hensive assessment  of  ARDS  survivors  to  date.  Results  are 
likely  to  resolve  uncertainty  about  the  prominence  of  pul- 
monary morbidity  in  ARDS  survivors,  will  help  explain 
the  evolution  of  morbidities  over  time,  and  may  direct  ICU 
interventions  to  improve  the  outcome  of  ARDS  (or  re- 
search in  that  field)  and  of  critical  illness  in  general. 

Summary 

The  results  of  randomized  trials  of  lung-protective  ven- 
tilation strategies  have  provided  exciting  evidence  that  de- 
cisions about  ventilator  strategies  can  ha\e  an  important 
effect  on  the  outcome  of  critical  illness.  Pressure-  and 
volume-limited  ventilation  using  the  ARDS  Network  pro- 
tocol can  reduce  mortality  for  ALl  patients,  and  Amato's 
"open  lung"  approach  may  also  reduce  mortality. 

Currently  the  most  intensely  pursued  clinical  research 
question  for  ALI  and  lung-protective  \entilation  is  whether 
a  ventilation  strategy  that  combines  pressure  and  volume 
limitation  with  additional  maneuvers  to  "open"  the  lung 
are  superior  to  pressure  and  volume  limitation  alone,  with 
respect  to  improving  mortality  among  critically  ill  ALI 
patients.  This  question  is  currently  under  investigation  in  2 
independent  multicenter  randomized  trials  underway  in  the 
United  States  and  Canada. 

A  discussion  of  lung-protective  ventilation  would  not  be 
complete  without  mention  of  additional  adjunctive  strate- 
gies that  remain  investigational.  Partial  liquid  ventilation 
and  aerosolized  surfactant  therapy  are  currently  under  in- 
vestigation in  adult  ICUs.  Their  roles  remain  to  be  deter- 
mined. Extracorporeal  membrane  oxygenation  is  currently 
in  use  in  some  centers,  though  2  randomized  trials  (one  in 
the  I97()s  and  one  in  the  199()s)  found  no  improvement  in 
the  probability  of  long-term  survival,  in  spite  of  the  ability 
to  support  gas  exchange.''^ ''^  High-frequency  oscillation 
and  tracheal  gas  insufflation  are  relatively  new  strategies 


in  adult  ICTIs  mk\  ma\  ha\e  an  important  role  in  managing 
adult  ALI.  though  they  have  yet  to  be  e\ahiatetl  in  the 
context  of  randomized  trials. 

Although  mhaletl  nitric  osule  theraps  can  produce  dra- 
matic acute  impro\ement  m  o\\genation  in  some  patients. 
there  is  no  e\  idence  that  it  can  benefit  patients  w  ith  respect 
to  patient-important  outcomes,  even  for  subgroups  of  pa- 
tients in  ies|iiratory  exlrciuis.  Inhaled  nitric  oxide  should 
be  limited  to  salvage  therapy  of  patients  in  respiratory 
extrcniis  only,  and  ideally  in  the  context  of  further  sys- 
tematic studv. 

Prone  positioning,  though  it  makes  good  sense  physio- 
logically and  has  been  shown  to  effect  acute  improvement 
in  oxygenation  for  some  patients,  has  a  number  of  asso- 
ciated practical  deterrents.  Moreover,  one  randomized  trial 
found  no  evidence  of  benefit  w  ith  respect  to  patient-im- 
portant outcomes.  Pending  pLiblication  of  current  studies, 
it  is  unreasonable  to  be  dogmatic  about  the  role  of  prone 
positioning  in  ARDS  patients.  If  results  of  current  studies 
are  as  presented  above,  practical  issues  provide  ample  rea- 
son not  to  use  prone  positioning.  Clinicians  may  argue  that 
they  are  inclined  to  prone  positioning  for  longer  periods 
with  more  frequent  or  less  frequent  changes  to  supine 
position  and.  therefore,  that  they  will  continue  to  use  prone 
positioning  ventilation  avidly.  We  suggest  that  such  clini- 
cians consider  systematically  evaluating  their  experience 
with  alternative  prone  positioning  strategies  in  the  context 
of  clinical  re.search. 

The  role  of  corticosteroids  in  late-phase  ARDS  is  un- 
clear and  remains  a  very  important  question.  The  potential 
for  harm,  determined  in  studies  of  steroids  for  sepsis  and 
early  ARDS.  wairants  restricting  late-phase  steroids  to  re- 
search settings. 

Finally,  pulmonary  dysfunction  is  probably  not  a  major 
source  of  morbidity  for  ARDS  survivors.  Global  func- 
tional disability  may  relate  most  to  the  profound  muscle 
wasting  and  deconditioning  associated  with  surviving  an 
episode  of  critical  illness.  Neuropsychological  dysfunction 
is  prominent.  Ongoing  research  ma\  suggest  interventions 
to  improve  the  outcome  of  .ARDS  and  of  critical  illness  in 
general. 
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Discussion 

Hess:  Lei  mc  share  witli  smi  a  prob- 
lem that  I  enciHinter  sonietiiiies  v\hen 
I  tty  Id  intRKkice  e\  ideiicc-based  med- 
icine into  m\  praeliec.  In  the  Cuitti- 
noni  stud>  lhe\  pione-posilioned  pa- 
tients for  lip  to  fi  hours  a  day.'  Thai's 
not  wiial  I  wiuikl  do  in  my  practice. 
When  we  prone  patients,  we  pione 
them  all  day  long,  and  periodically, 
we  turn  them  back  into  a  supine  po- 


sition and  see  what  happens.  So  it's 
dillicult  for  me  to  say.  based  on  the 
Citittinoiii  siud\.  llial  1  would  nol  prone 
]ialients  when  how  he  conducted  the 
sillily  is  (.jtiiic  dilTetciit  than  my  prac- 
tice when  I  (ironc  patients.  .Any  com- 
ments about  that'.' 

REKKRF.NCE 

I.  Galtioni  L.  Tognoni  G.  Pesenti  .-\.  Tac- 
cone  P.  Mascheroni  D.  Labarla  V.  et  al. 
I!ffect  of  prone  positioning  on  the  surs  i\  al 


of  patients  with  acute  respiratory  failure. 
N  Engl  J  Med.  200l:.345(8).s68-573. 

Mt'ade:  Well,  it'  you  really  believe 
in  your  strategy  and  you  have  good 
evidence  to  support  it.  then  it  might 
be  worth  conducting  another  trial. 
Proning  is  a  dit't'icult  and  controver- 
sial procediue.  as  you  know,  so  if 
you're  going  to  do  it.  it  would  be  great 
lo  do  it  in  the  context  of  a  research 
protocol.  lo  e\alualc  \oiii-  ;ipproach. 
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Kiihi-ntVkl:  I  his  is  getting  hack  to 
the  issue  about  hov\  \vc  interpret  e\  i- 
dence.  and  this  is  kind  ol'the  Ba>esian 
point  I  uas  making  carher.  Dean  has  a 
very  diltereni  "prior"  based  on  his  clin- 
ical experience — his  systematic  ob- 
served experience  of  patients:  none  ot 
it's  published  because  we're  not  in  that 
phase  with  proning.  But  he  looks  at 
the  Gattinoni  trial  very  differently  than 
I  do.  because  I  come  from  a  very  dif- 
ferent place.  I'm  not  making  a  point 
about  proning:  I'm  trying  to  make  a 
point  about  thinking  about  e\  idence. 
From  the  same  data  and  the  same  study . 
readers  will  come  to  very  different  con- 
elusions — not  about  the  validity  of  the 
study  (though  we  may  have  different 
opinions  about  that  too),  but  people 
come  into  the  study  with  different  pri- 
ors, and  I'm  not  sure  that  this  is  a  bias. 
This  is  not  one  of  those  cognitive  think- 
ing things:  it's  just  that  they  ha\e  dif- 
ferent "priors"  about  the  kind  of  treat- 
ment they  use.  and  they  come  out  u  itii 
very  different  conclusions  about  ilie 
results. 

Maclntyre:  We're  talking  about 
proning  as  if  it's  an  on-off  situation, 
but.  in  fact,  there's  proning  foi'  12 
hours:  there's  proning  for  IS  hoius: 
there's  proning  alternating  vv  ith  supine 
every  few  hours:  there  are  all  kinds  of 
different  ways.  The  problem  we  get 
into  is  that  when  a  study  comes  out 
that  does  it  one  way,  we  tend  to  gen- 
eralize the  specific  techniques  as  rep- 
resenting the  overall  concept — that 
proning  either  is  or  is  not  good. 

Meade:  Well.  I  can  pro\ideyou  with 
an  approach.  If  there's  a  truly  nega- 
tive study  that  is  statistically  signifi- 
cant, or  a  truly  positive  study,  and  you 
simply  do  not  agree  with  the  results, 
then  be  careful  about  discarding  the 
results  altogether.  Chances  are  that  the 
"truth"  is  similar  in  direction  but  dif- 
ferent in  magnitude  with  modificatii)ns 
to  a  protocol.  The  story  with  proning 
is  a  little  different — it's  an  under- 
powered study.  So  in  this  situation  the 
in\estigators  have  probably    neither 


ruled  out  the  potential  that  proning  of- 
fers a  sur\i\al  benefit  nor  ruled  out 
the  possibility  that  proning  results  ni 
harm  .So  ii's  uorlh  doing  further 
siuilies.  il  there's  good  physiologic 
rationale. 

Kuhcnt'eld:  lis  a  studs  with  a  like- 
lihood ratio  of  about  1.  so  if  I'm  Dean 
Hess  and  I  come  to  that  study  from 
whatever  prior  thinking  that  proning 
is  a  good  thing  and  they  just  got  it 
wrong.  I'm  probably  going  to  keep 
doing  it.  I'm  not  saying  that's  bad  or 
wrong,  or  that  there's  something  bad 
about  e\  idence-based  medicine.  It's 
just,  for  me.  a  different  way  of  think- 
ing about  how  we  can  look  at  the  same 
evidence  and  disagree,  not  about  the 
validity  of  the  study  or  on  our  ap- 
praisal of  it.  but  on  w  hat  we  do  based 
on  it. 

Hess:  I  ihmk  the  study  was  very  well 
done,  and  1  think  the  results  are  valid. 
I  just  don't  think  it's  consistent  with 
m\  practice. 

Rubcnffld:      \\  rong  dose. 

Hess:      Wrong  dose. 

Maclntyre:  May  I  go  back  to  your 
meta-analysis  of  the  4  lung  protective 
strategies?  Maureen,  you're  obviously 
well  known  as  an  evidence-based  phy- 
sician. A  good  evidence-based  prac- 
tice recommendation  based  on  that 
meta-analysis  would  be  that  tidal  \ol- 
iime  doesn't  make  any  difference.  So 
are  \ou  saying  that  you  believe  there 
is  no  e\  idence  to  support  a  lung-pro- 
tective strategy,  based  on  ymir  meta- 
analysis? 

Meade:  I  conducted  this  pooled 
analysis  a  few  days  ago  and  was 
shocked  to  see  that  the  random  effect 
model  of  pooling  the  data  showed  no 
treatment  effect.  But  I  do  believe  that 
the  .ARDS  Network  trial  dilters  from 
I  he  ot  her  trials  in  some  important  ways. 
One  is  the  management  of  acidosis. 
And.  as  you  li)lks  have  pointed  out. 


the  difference  between  the  control 
group's  and  experimental  group's  tidal 
volumes  and  airway  pressures  was 
much  greater  in  the  ARDS  Network 
trial.  That's  why  I  don't  think  we 
should  necessarily  be  pooling  data. 

.Maclnty  re:  Let  me  push  you  harder 
then.  Are  you  going  to  publish  this 
meta-analysis? 

Meade:  This  is  not  actually  a  meta- 
analysis. This  was  a  spur-of-the-mo- 
ment, thought-provoking  pooling  of 
results  across  4  studies  which,  as  I 
said.  I'm  not  sure  is  valid.  We  may 
publish  this  sometime,  but  there  is  a 
lot  (il  work  to  do  first.  We  need  to 
establish  a  priori  hypotheses,  consult 
with  respiratory  physiologists,  and 
take  a  hard  look  at  the  data  with  an 
experienced  meta-analyst  such  as  Gor- 
don |Guyatt|. 

Maclntyre:  A  fundamental  princi- 
ple behind  meta-analysis  is  that  the 
studies  were  similar,  that  the  treatment 
strategies  and  control  groups  were  sim- 
ilar. We  talked  earlier  about  how  they 
are  often  different  in  the  different 
trials.  Specifically,  the  control  group 
in  all  the  trials  in  your  meta-analysis, 
other  than  the  ARDS  Xetw\)rk  trial, 
did  not  have  as  stiff  a  lung,  in  the 
sense  that  tidal  volume  strategy  was 
not  pushing  them  to  an  end-inspira- 
tors "stretch  "  that,  at  least  physiolog- 
ically, would  be  dangerous. 

Durbin:  I' m  glad  were  into  this  dis- 
cussion, because  I'm  still  somewhat 
of  a  disbelieser  in  the  methodologies. 

Meade:      Of  meta-analysis? 

Durbin:  Of  the  whole  process  of 
using  a  meta-analysis  approach  to  find- 
ing out  answers  to  complex  questions. 
How  can  I  be  sure  the  meta-analyzers 
were  careful  about  how  they  choose 
the  studies  they  included  and  how  ac- 
curate and  consistent  is  the  methodol- 
ogy of  each  of  the  individual  studies? 
Or,  on  a  simpler  lesel.  how  well  are 
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ilic\  leportcd'.'  Often  studies  are  ex- 
clikicd  because  there  isn't  enouglT  in- 
I'ornialioii  piihlished  to  ali(iv\  analssis. 
W  iiere  is  the  hias  eurreetmii  tor  the 
person  who's  iuiikiiii;  at  studies?  In- 
ekision  isn't  just  based  on  how  good 
the  stiiiis  is.  There  ma\  be  an  author 
bias  ill  choosing  which  studies  to  looi\ 
at  more  caret'uliv.  and  tlieie  may  be  an 
innate  puiilieation  bias  in  pubhshing 
studies  tiiat  are  more  likel>  to  shov\ 
et't'eets  than  ones  that  don't.  There- 
fore, there  are  not  as  many  pubhshed 
studies  to  ciioose  from  to  support  one 
side  of  an  issue. 

Meade:  Well,  there  are  a  ton  of  nar- 
rative re\  iev\  s  and  systematic  reviews 
{o\\\  hat  are  called  systematic  reviews ) 
out  there  tiiat  are  not  so  great.  And  it's 
hard  to  know  in  those  situations 
whether  or  not  you  can  believe  the 
result.  Sometimes  the  results  are  cor- 
rect, but  their  approach  may  not  be 
great.  But  you  can  recognize  really 
great  meta-analysts  by  their  methods. 
The>  are  explicit  about  their  methods, 
their  L|uesiions.  their  search  strategies, 
their  inclusion  and  exclusion  criteria, 
and  about  how  they  abstract  the  data. 
They  demonstrate  reproducibility  in 
their  assessment  of  eligibility  in  data 
abstraction.  They  explain  the  analy- 
sis, show  you  what  the  results  are  hn 
all  the  studies,  and  they  show  you  a 
critical  appraisal  of  all  the  studies.  So 
they  do  a  really  "fair"  job.  They  appK 
the  scientific  method  as  best  they  can 
to  the  task  at  hand.  And  v\hen  folks  do 
that,  then  \ou  know  they'\e  done  a 
good  job  and  sou  can  believe  the  re- 
sults. And  the  results  will  only  be  as 
good  as  the  studies  that  are  going  into 
the  meta-analysis.  If  lhe\  ilon't  tlothal. 
then  it's  hard  to  tell. 

Diirhin:  We  starteil  out  early  this 
moriimg  talking  about  studies  that  had 
40,000  patients  lo  answer  simple  ques- 
tions such  as  whether  to  gi\e  aspirin 
or  not  following  a  myocardial  infarc- 
tion. And  we  said  that  now  we've  got 
to  teach  everybody  to  do  w  hat  we  know 
is  true.  Now  were  ialkin<!  abi)ut  stud- 


ies that  ha\e  less  than  1,000  patients, 
and  maybe  4  or  .*>  studies  that  may 
meet  criteria  lo  be  even  analyzed  in 
this  wa\.  ^'et  there's  a  move  afoot  by 
some  people  ti)  ha\e  us  all  adopt  a 
strategy  of  low-volume,  low-pressure 
ventilation,  based  on  what  1  think  is 
insufficient  evidence.  1  think  it  will  be 
helpful  to  have  your  meta-analysis  out 
there,  because  I  think  we  need  to  con- 
tinue to  study  these  issues  until  we 
have  more  definitive  answers. 

Meade:  I  just  don't  know  if  that 
meta-analysis  wetuld  be  misleading,  so 
I'd  have  to  go  back  and  do  the  work  1 
mentioned  earlier. 

Flemons:  When  it  comes  to  meta- 
analysis, it  seems  to  me  there's  a  bias 
that  perhaps  the  most  rigorous  meth- 
odology doesn't  address  (though 
maybe  it  could)  and  that's  the  bias  of 
deciding  how  much  difference  there 
is  between  the  studies  so  you  can  de- 
cide whether  to  pool  them.  This  strikes 
me  as  a  good  example;  if  you  decide, 
physiologically,  that  the  way  the  2 
studies  treated  the  acidosis  was  differ- 
ent and  therefore  you  can't  pool  them, 
then  you  get  one  answer.  But  if  you 
decide  the  difference  is  not  as  impor- 
tant, you  could  then  pool  the  results 
and  get  a  different  answer.  So  how  do 
you  take  that  into  account?  As  far  as  1 
can  see.  you  can't  estimate  that  bias  in 
terms  of  the  people  who  are  doing  the 
analysis  for  the  reader. 

Meade:  1  don't  want  \ou  to  con- 
sider this  potiling  ot  results  as  a  meta- 
analysis. It  was  a  "back-of-the-enve- 
lope"  analysis  that  1  did  a  couple  of 
days  ago.  A  real  meta-analysis — a 
good  one — will  include  tests  for  het- 
erogeneity between  studies  and  will 
incluile  collaboration  w  ith  real  experts 
in  the  field,  which  in  this  case  wnuUI 
be  an  inteiisivist  aiul  a  pulmonarx 
physiologist,  to  decide  if  the  ditfer- 
ences  between  the  studies  are  impor- 
tant w  ith  respect  lo  treatment  and  man- 
agement ot  acidosis.  .And  in  a  good 
meta-analvsis  vou'll  see  a  discussion 


of  why  it  was  appropriate  to  pool, 
e\en  if  there  were  some  differences 
among  the  studies.  If  a  meta-analy- 
sis doesn't  have  that  discussion,  then 
it's  a  problem. 

Kllrodt:  One  concern  I'm  hearing 
here  is  son  of  evidence-paralysis, 
where  you  keep  thinking  you  need  a 
perfect  study  or  you  need  this  or  that, 
and  I  think  you  have  to  be  careful  that 
you  don't  get  into  this  paralytic  state 
where  you  don't  make  a  decision  one 
way  or  another  about  whether  you're 
going  to  proceed  or  not.  Let  me  give 
you  the  down  side  of  that.  For  exam- 
ple, going  back  to  one  of  Gordon's 
|Guyatt|  first  slides,  which  was  the 
thrombolytic  slide,  where  people  just 
weren't  acting  on  the  thrombolytic  in- 
formation. You  could  go  through  ev- 
ery year  how  many  thousands  of  lives 
were  lost  because  people  were  not  act- 
ing. So  1  just  want  people  to  be  care- 
ful not  to  be  sitting  there  saying  "I 
don't  know  this,  I  don't  know  this." 
At  some  point  you're  going  to  have  to 
make  a  decision,  and  I'm  just  going  to 
give  you  mine  on  ARDS:  I'm  going 
to  take  the  best  trial.  I'm  going  to  be 
controversial  here.  I'm  going  to  jump 
on  the  ARDS  Network  trial  and  say, 
"That  makes  sense  to  me."  1  think, 
until  Mill  pro\e  me  wrong,  that  low- 
\olume.  low-pressure  ventilation 
makes  sense.  And  1  think  I'm  going  to 
be  saving  a  lot  of  li\es  if  1  do  that 
right,  and  I  could  figure  out  how  many 
there  are  that  1  could  be  saving,  and 
I'm  going  to  do  it  that  way  until  >ou 
pro\e  to  me  that  it's  harmful.  I  think 
you  need  to  not  be  paralyzed  by  this 
stuff  and  say,  "We  need  another  tri- 
al." Every  study  that's  ever  done  ends 
with  a  call  for  more  research. 

Meade:  The  important  thing  is  that 
we're  aware  of  this  exidence.  The  in- 
tensis  ists  here  are  aware  of  the  4  stud- 
ies, and  ha\  e  e\  aluated  them.  We  know 
the  point  estimates  from  each  one.  We 
know  what  happens  if  you  pool;  we 
know  about  the  potential  problems 
w  ith  pooling;  and  as  Gordon  was  say- 
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itiL'  this  inornint::  it  all  comes  down  to 
judgment.  cs(ici.iall\  when  the  wateis 
are  more  muik\  We  all  make  our o\\ n 
\alue  judiiments  about  uhether  we 
should  he  usinj:  pressure-  and  volume- 
limited  \entilation. 

Kllrodt:      \\  hat  do  you  do? 

Meade:  I  use  pressure-  and  volume- 
huuied  ventilation,  but  I  use  a  more 
"open  lung"  approach  than  the  ARD.S 
Network  protocol  includetl. 

Kllrodt:  What  does  e\er\bi)dy 
around  this  room  do' How  man\  peo- 
ple tollow  the  ARDS  Network  pro- 
tocol' 

Rubenfeld:  What  do  we  do  or  w hat 
do  we  say  we  do? 

tllrodt:      W  hat  do  you  iry  lo  do? 

Meade:  1  have  tra\eled  across  Can- 
ada to  piesent  a  large  ongoing  venti- 
lation study.  Everyone  says  they  fol- 
low the  ARDS  Network  protocol,  but 
when  it  comes  to  iiiiplcinciiiin\i  it  in 
the  control  group  of  our  current  stud\ . 
I  can  tell  you  there  are  a  lot  of  sur- 
prises in  these  centers:  they  haven't 
been  doing  it. 

Guyatt:  I'd  like  lo  clarify  this  point 
about  when  do  you  pool  and  when  do 
you  not  pool  results  and  Ward's  |  Klem- 
ons|  point  about  the  bias  that  could  be 
introduced.  In  terms  of  Maureen's  ex- 
cellent list  of  what  makes  a  good  meta- 
analysis, one  additional  point  is  the 
development  of  a  priori  hypotheses 
about  why  results  might  differ  from 
trial  to  trial.  One  strategy — anil  per- 
sonally I  think  the  best  solution  to  the 
problem  that  Ward  laid  out — is  to  pool 
widely,  but  start  with  some  a  priori 


hypotheses  as  to  what  may  explain  dil  - 
lerences  across  stud\  results,  and  then 
to  test  them  In  this  instance  I  woukl 
sa\  go  ahead  anti  meta-anal>/e.  \ou 
tolks  have  given  us  an  a  priori  hy- 
pothesis; the  ililt'erences  in  study  re- 
sults mav  be  ilue  to  the  controlled  ven- 
tilation strateg>  and  the  high  pressures 
that  result.  That  would  be  an  upparcnt 
explanation.  That,  perhaps,  has  some 
implications,  one  being,  as  Maureen 
was  saying,  that  people  have  sirecil  dif- 
I'icullv  implementing  the  .ARDS  Net- 
work |irotocol.  If  the  problem  really  is 
the  verv  high  control  pressures,  then 
mavbe  \ou  don't  need  to  go  quite  so 
low  and  run  into  all  those  problems. 
The  bottom  line  of  this  is  that  the  ,id- 
ditional  meta-analvtic  tool  is  a  priori 
h)pothcses  about  what  might  explain 
differences  in  studies,  and  exploration 
of  those  in  the  analysis  phase  of  the 
meta-analysis. 

Ellrodt:  If  you  talk  about  "voltage 
drops  "  from  the  evidence  to  practice 
(and  a  number  of  you  were  getting  at 
this),  it's  ama/ing  how  it  happens.  Let 
me  give  you  an  example,  from  the  Ca- 
nadian Consensus  Statement  about  in- 
dications for  cesarean  section,  done 
back  in  the  I98()s.'  It  was  ama/ing  the 
way  this  worked:  90%  of  Canadian 
obstetricians  studied  were  aware  ol  the 
consensus  statement,  which  is  a  prettv 
high  awareness,  and  90%  agreed  w  iili 
the  recommendations,  which  was 
pretty  ama/ing  too.  Probablv  oiilv 
about  V/c  were  familiar  enough  with 
the  recommendations  that  they  coukl 
answer  specific  questions  about  them. 
Now  there's  a  real  problem,  right  there. 
But  when  they  asked.  "How  many  of 
you  actual  I V  practice  this  way'.'"  (as 
opposed  to  meivK  agreeing  with  it  I 
the  number  dropped  to  ^V/i .  And  w  hen 
thev  looked  at  the  charts  to  see  what 


was  actually  happening,  almost  no  one 
was  practicing  according  to  the  rec- 
ommendations. So  there  are  multiple 
voltage  drops  along  the  way.  and  I 
sometimes  have  a  greater  concern 
about  that  than  how  good  the  meta- 
analysis is.  It's  important  lo  get  it  right, 
of  course,  but,  boy,  even  starting  there. 
things  fall  apart.  This  is  what  you're 
tiiiding.  for  example,  in  your  study 
across  Canada.  I  think.  It's  certainly 
been  seen  in  supine  versus  semi-re- 
cumbent ventilation,  where  everybody 
says.  "Yeah.  1  believe  that's  true,  and 
veah,  I'm  ventilating  at  45  ."  but  you 
look  at  the  patient  and  it's  2  or  some- 
thing like  that. 

So  1  think  there's  a  liit  more  to  it. 
and  1  think  vou  have  to  think  of  those 
voltage  drops  all  the  way  along  the 
line.  The  final  voltage  drop,  which  we 
don't  talk  about,  is  patient  compliance 
with  EBM  recommendations.  For 
many  situations  in  the  ICU.  you  have 
the  patients  "hostage"  so  to  speak,  and 
they  don't  have  a  lot  of  say  over 
whether  they  have  an  intervention 
done  or  not.  But  when  \ou  start  talk- 
ing about  long-term  therapies  for  con- 
ditions such  as  asthma,  medication  ad- 
herence, ailherence  to  exercise,  and 
things  like  that,  there's  a  luii;c  drop- 
off at  that  point.  .And  we  wnnder  why 
things  don't  work  as  they  do  in  the 
literature.  1  think  the  last  thing  we  re- 
ally need  to  talk  about  is  patient  com- 
pliance and  how  we  can  modify  or 
improve  patient  adherence  to  evi- 
dence-based recommendations. 


Kll  IKlNCi; 

I .  Iiulicaiions  tiir  cesarean  scclioii;  Unal  suile- 
iiK-ni  cil  iliL-  panel  of  the  National  Consen- 
sus Conference  on  Aspects  of  Cesarean 
Birth.  CMAJ  l')S6:l"i4(i:i  itas-l'^s: 
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Summary 

Asthma  is  an  important  health  care  problem;  over  12  million  people  in  the  United  States  suffer  from 
asthma,  the  majority  of  whom  are  young  patients.  Presentations  of  acute  asthma  to  emergency 
departments  are  common.  In  the  llnited  States,  acute  asthma  presentations  account  for  close  to  2 
million  emergency  department  visits  annually,  and  these  patients  often  exhibit  acute  and  chronic 
markers  of  severe  asthma;  so  cimtrolling  asthma  is  important  from  many  perspectives.  We  review 
the  evidence  for  various  acute  asthma  therapies,  using  the  highest  levels  of  evidence,  employing 
systematic  reviews  (especially  those  from  the  Cochrane  Collaboration)  and  evidence  from  random- 
ized controlled  trials  to  guide  therapy  decisions,  fi  agonists  and  systemic  corticosteroids  are  the 
cornerstones  of  initial  treatment.  Delivery  of  (i  agonists  via  nebulizer  or  metered-dose  inhaler  with 
spacer  device  appear  to  be  similarly  efficacious.  However,  recent  evidence  from  studies  involving 
children  and  adults  indicate  that  addition  of  ipratropium  bromide  to  early  /3  agonist  treatments 
may  reduce  airway  obstruction  and  reduce  hospital  admissions,  especially  for  more  severe  asthma. 
Evidence  from  systematic  reviews  indicates  that  intravenous  magnesium  sulfate  ma>  provide  sim- 
ilar benefits  in  severe  asthma.  Antibiotics,  intravenous  (i  agonists,  and  intravenous  aniinoph\lline 
have  been  shown  to  add  little  and  may  increase  adverse  effects.  Treatment  for  discharged  patients 
should  include  s>stemic  corticosteroids  for  5-7  days,  for  all  but  the  mildest  asthma.  Addition  of 
inhaled  corticosteroids  should  be  considered  for  most  patients,  since  e\idence  suggests  thai  inhaled 
corticosteroids  may  reduce  relapses  and  improve  quality  of  life.  Alternative  treatments  such  as 
long-acting  (i  agonists  and  leukotriene  antagonists  remain  unproven  in  this  setting.  Linking  a 
discharge  plan  to  close  follow-up  and  asthma  education  (especiall>  an  action  plani  needs  to  be 
encouraged.  Acute  asthma  is  a  common  problem  and  treatment  has  improved  dramatically  o\er  the 
past  10  years.  Kmplo\ing  the  evidence-based  practice  outlined  abo>e  should  reduce  the  burden  of 
acute  asthma  on  patients  and  the  health  care  system.  Key  wdiJ.s:  cviilcmc-hiLscJ  medicine,  asriuna. 
emergency  medicine,  corticosteroids,  relapse,  admission.     [Respir  Care  2001 :4(i(  12):  1380-1390] 
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Introdiu'tioii 

Asthma  is  ii  parliciilarls  impoitani  health  care  prohlom 
in  both  Canada  and  the  United  States.  Over  12  milhon 
people  in  the  United  States  suft'er  from  asthma,  and  the 
majority  ol' those  are  young  patients,  most  under  the  age  of 
18.'  In  fact,  asthma  affects  nearly  7^f  of  children  and  5% 
of  adults  in  North  America.'  The  costs  associated  with 
asthma  are  staggering:  in  1990  the  indirect  and  direct  ex- 
penditures for  asthma  exceeded  S6  hillion  in  the  United 
States-  and  nearly  S6U0  million  in  Canada.'  In  Canada, 
acute  asthma  (emergency  department  |ED|  visits  and  hos- 
pitalization) accounts  for  approximately  25'''i  of  the  total 
costs  associated  with  asthma  care. 

Presentations  of  acute  asthma  to  EDs  and  other  settings 
are  common,  in  the  United  States,  acute  asthma  presenta- 
tions account  for  close  to  2  million  ED  visits  annually.'* 
which  are  precipitated  by  many  factors,  the  most  common 
being  superimposed  upper  respiratory  tract  infection,  en- 
vironmental allergies,  and  poor  control  of  chronic  asthma. 
ED  visits  are  important  events  for  asthmatics  and  their 
families,  as  they  represent  a  vulnerable  point  in  the  illness 
and  are  associated  with  substantial  morbidity  and  occa- 
sional mortality.  Moreover,  in  spite  of  adequate  care,  a 
patient  who  suffers  an  exacerbation  may  feel  its  conse- 
quences and  suffer  relapses  for  weeks  after  the  initial  ED 
visit.  For  those  reasons,  the  assessment  and  treatment  of 
acute  asthma  has  been  the  focus  of  considerable  research 
and  clinical  practice  guideline  de\  elopment  efforts.^ ''  How- 
e\er.  despite  those  national  attempts  to  standardize  and 
improve  asthma  care,  there  remain  wide  gaps  between 
what  is  known  and  what  is  practiced.^  most  of  which  are 
related  to  physician  variability  in  diagnosis  and  treatment. 
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Treatment  of  acute  asthma  includes  severity  assessment. 
in-ED  treatment.  post-ED  treatment,  and  follow-up.  To 
begin  with,  treating  acute  asthma  requires  a  comprehen- 
sive history  and  physical  examination  on  the  part  of  the 
provitler.  To  accurately  assess  the  severity  of  an  asthma 
attack,  the  physician  should  know  the  patient's  asthma 
history  (including  intubation,  hospitalizations,  and  recent 
exacerbations),  medication  use  (eg.  "relievers"  and  "con- 
trollers"), current  pulmonary  function  test  results  (peak 
expiratory  How  |PEF|.  forced  expiratory  volumes,  or  both), 
vital  signs  (including  blood  oxygen  saturation  measured 
by  pulse  oximetry),  and  chest  examination  findings. 

Selecting  the  most  effective  medication  protocol  for  treat- 
ing acute  asthma  has  been  the  subject  of  considerable  study. 
Herein  we  summarize  research  results  on  the  main  phar- 
macologic and  nonpharmacologic  approaches  to  the  treat- 
ment of  asthma  exacerbations.  In  doing  so  we  rely  heavily 
on  systematic  review  evidence  from  the  Cochrane  Collab- 
oration. These  systematic  reviews  use  standardized  and 
rigorous  methods  to  summarize  and  combine  the  best  ev- 
idence from  individual  randomized  controlled  trials  per- 
taining to  specific  topics.  The  results  represent  Level  I 
evidence  for  treatment  decisions. **  In  particular,  the  re- 
views from  the  Airway  Review  Group  have  been  exten- 
sively quoted  and  routinclv  regarded  as  high  quality.'^ 

In-Emergency  Department  Care 

The  goal  of  in-ED  care  is  to  safely  and  effectively  treat 
the  acute  bronchospasm  associated  with  the  presentation 
and  to  initiate  anti-innammatory  therapy.  The  approaches 
described  should  reduce  the  need  for  hospitalization  and 
ensure  that  patients  receive  the  appropriate  therapy  to  pre- 
vent relapse  and  reduce  the  potential  for  a  serious  negative 
outconie  (eg.  intubation  or  death). 

P  .Afjonists 

Early  treatment  of  aculc  asthiiia  has  generally  focused 
on  the  use  of  inhaled  (usually  via  nebulizer)  short-acting 
/32  agonists  because  of  their  undisputed,  generally  rapid 
effect  of  relieving  bronchospasm  and  associated  breathing 
dysfunction.  Whether  the  drug  is  most  effective  when  de- 
livered via  nebulizer  or  v  ia  metered  dose  inhaler  with  hold- 
ing chamber/spacer  ( MDI/HC)  has  been  an  area  of  intense 
research.  A  systematic  review  in  the  Cochrane  Library 
suggests  that  those  delivery  methods  yield  similar  out- 
comes.'" For  example,  pooled  results  (Fig.  1 )  indicate  that 
MDI  and  nebulizer  produce  similar  admission  rate  (odds 
ratio  |ORl  1.0.  95'}  confidence  interval  |CI|  0.54-1.85) 
and  show  no  important  differences  in  PEP  (mean  differ- 
ence in  percent  of  predicted  PEF  1.39f.  95'"f  CI  -2-5^f ). 
Economic  evaluations  of  nebulizer  versus  MDI/HC  favor 
MDI/HC."   Finallv,  the  use  of  MDI/HC  was  associated 
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Fig.  1 .  Effect  of  ji  agonists  on  hospital  admissions  for  acute  asthma,  based  on  delivery  via  nebulizer  or  metered-dose  inhaler  with  holding 
chamber  (MDI/HC)  and  stratified  by  age  (adults  vs  children).  CI  -  confidence  interval.  (Adapted  from  Reference  10,  in  which  individual 
citations  in  the  figure  are  identified.) 


with  fewer  adxerse  effects  (eg.  tachycardia),  especially  in 
children.  Hin\e\er.  those  data  di)  not  include  patients  with 
life-threatening  severe  asthma.  From  a  clinical  perspec- 
tive, these  results  suggest  using  MDI/HC  in  asthma  pa- 
tients who  present  with  mild  to  moderate  symptoms.  For 
patients  with  severe  asthma,  the  benefits  and  ease  of  con- 
tinuous nebuli/ation  and  the  need  to  focus  on  other  issues 
may  make  nebuli/ation  an  attractive  alternative.'-  Finally, 
employing  MDI/HC  delivery  in  the  acute  setting  affords 
an  opportunity  to  assess  the  patient's  inhaler  technique  and 
to  educate  the  patient  with  regard  to  appropriate  care. 

Attempts  to  identify  optimal  doses  or  treatment  inter- 
vals to  achieve  maximum  bronchodihition  or  symptom  re- 
lief have  not  been  successful.  However,  continuous  treat- 
ment may  have  an  advantage  over  intermittent  treatment  in 
severe  asthma."  In  addition,  lower  doses  appear  to  be 
ec|ui\  alent  to  higher  doses  with  regard  to  maximizing  bron- 
chodilalion  or  clinical  outcome. '■*  A  substantial  number  of 
patients  achieve  a  bronchodihition  "plateau"'  aiul  in  those 
people  additional  13^  agonist  therapy  only  seems  to  cause 
more  adverse  effects.  Some  guidelines  now  lecommend 
that  [i  agonists  he  titrated  to  plateau  using  objective  as- 
sessment of  airway  obstruction  with  pulmonar\  function 
measures.^ 


Anticholinergics 

There  is  increasing  support,  particularly  for  children,  lor 
adding  anticholinergic  agents  (ipratropium  bromide)  to  jSo 
agonist  therapy  in  moderate  to  severe  acute  asthma.''^  "'  A 
systematic  review  involving  children  compared  ipratro- 
pium bromide  plus  jS^  agonists  to  ^2  agoni.sts  alone.'-'* 
.Summary  statistics  indicate  that  multiple  doses  of  ipratro- 
pium bromide  eftect  a  clinicalK  important  impro\ement  in 
forced  expiratory  volume  in  the  first  second  (FEV,);  16.1% 
at  60 minutes  (95% CI  6-27^f ) and  1 7.5%  (95%  CI 4-3 1  %) 
at  120  minutes.  The  combined  therapy  reduced  the  risk  of 
hospital  admission  by  25%  (relative  risk  [RRJ  0.75.  95% 
CI  0.62-0.89)  in  moderate  and  severe  exacerbations.  The 
number  needed  to  treat  to  prevent  1  admission  was  12 
(95%  CI  8-32).  and  the  number  needed  to  treat  decreased 
to  7  in  severe  cases.  Those  results  were  confirmed  by  the 
largest  intliv  iilual  trial  involved  in  an  updated  Cochrane 
review.'^  Ihcie  was  no  conclusive  evidence  for  single  or 
multiple  doses  of  ipratropium  bromide  in  children  with 
mild  exacerbations.  Neither  therapy  group  was  associated 
with  substantial  adverse  effects. 

A  similar  meta-analysis  in  adults  also  indicated  a  mod- 
est beneficial  effect  horn  adding  ipratropium  bromide  to 
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inhaled  (i,  agdnists."'  The  ahsoliiie  increase  in  FFV,  was 
7..V<  (M?';  CI  4-1 1 '/r)  over  45-90  nuniiles.  The  ahsolute 
increase  in  PEF  was  22. 1%  (95%  CI  1 1-33%)  over  45-90 

ininules.  The  risk  iif  aiimission  was  IT'i  lower  (RR  0.73, 
05',  (M  O.S.V  ()>^)).  A  kuiie  ranilonii/cii  conlroileii  trial 
has  since  hecn  coiiipicicd  thai  coiiliiMis  the  systematic 
re\iew  e\ii.lence."*  The  study  ohscr\ed  a  21'7r  (95%  CI 
3-38'; )  improvement  in  PEI-  and  a  4S.l';i  (95'/f  CI  20- 
76*^)  inipnnenient  in  FEV,  o\er  the  control  yronii.  High 
doses  ol  ipratropium  bromide  reduced  the  risk  of  hospital 
admission  by  49',  (KR  0.51.  95';  CI  0.31-0.83).  The 
number  needed  to  treat  to  prevent  1  admission  was  5  (95% 
CI  3-17).  Althoutih  i|uesiions  such  as  the  tlose-response 
relationship  still  need  tt)  be  resolved  regarding  ipratropium 
bromide  therapy  in  the  ED  setting,  it  seems  prudent  to  use 
this  agent  with  j3,  agonists  for  patients  with  moderate  to 
severe  acute  asthma. 

Systemic  Corticosteroids 

The  airway  edema  and  secretions  associated  with  acute 
asthma  are  most  eltectively  treated  with  anti-inflammatory 
agents  such  as  corticosteroids.  The  earh  use  of  systemic 
corticosteroids  (ie.  within  I  h  of  ED  presentation)  deliv- 
ered orally  or  intra\enously  continues  to  be  a  principal 
treatment  choice  in  published  evidence-based  asthma 
guidelines.^''  A  meta-analysis  investigating  this  issue  de- 
termined that  the  early  use  of  corticosteroids  for  acute 
asthma  in  the  ED  significantly  reduced  admission  rates 
(OR  0.40.  95'i  CI  0.21-0.78).  The  number  needed  to  treat 
was  8  (95'/^  CI  5-21 ).'"  This  benefit  was  more  pronounced 
for  those  not  already  receiving  systemic  corticosteroids 
(OR  0.37.  95'/i  CI  0.19-0.70)  and  those  experiencing  a 
severe  exacerbation  (OR  0.35.  95'7r  CI  0.21-0.59).  Ad- 
verse effect  profiles  were  similar  among  all  systemic  cor- 
ticosteroids treatment  routes  and  placebo. 

The  debate  regarding  the  use  of  intravenous  versus  oral 
corticosteroids  in  the  ED  persists  but  now  seems  to  be 
focused  on  identifying  which  patients  require  the  intrave- 
nous route,  as  opposed  to  the  oral  route.  None  of  the 
evidence  from  conirollcd  trials  or  meta-analyses  suggests 
that  the  advantage  offered  by  steroids  in  moderate  to  se- 
vere asthma  is  related  it)  the  route  of  administration.  Fur- 
ther systematic  review  evidence  on  dosing  suggests  that 
high-dose  corticosteroids,  at  least  in  hospitalized  patients, 
are  no  more  effective  than  moderate  doses.-" 

Applying  this  information  to  practice  rec|uircs  a  clear 
unilerstanding  that  not  all  levels  of  severity  have  been 
assessed  with  sufficient  rigor  to  confirm  equivalency  of 
systemic  routes  in  all  situations.  L'ntil  further  evidence  is 
available,  it  seems  reasonable  to  select  oral  agents  as  the 
first-line  choice,  while  reserving  intravenous  corticoste- 
roids for  patients  who  are  too  dyspneic  to  swallow,  are 


obtuntlecl  or  intubated,  or  are  iniable  to  tolerate  oral  med- 
ications (eg.  vomiting). 

Magnesium  Sulphate 

The  use  of  magiiesiLiiii  sLillaie  iii  unresponsive  acute 
asthma  has  gained  support  recentlv.  Thcie  have  been  a 
number  of  systematic  reviews,  which  concluded  that  in- 
travenous magnesium  is  not  only  safe  but  also  effective  in 
patients  with  severe  asthma.-'  --  The  Cochrane  review  on 
this  subject''  found  that  the  addition  of  intravenous  mag- 
nesium sulfate  reducetl  hospiiali/aiioii  (I'ig.  2)  (OR  0.1, 
95'i  CI  0.04-0.27)  and  improved  pulmonary  function 
(mean  increase  in  PEF  52  L/min.  95',  CI  27-77)  in  severe 
asthma  more  than  did  )3  agoiust  and  iniiavenous  systemic 
corticosteiHiids  only.  Overall,  there  were  no  changes  in 
systolic  blood  pressure  with  the  addition  ot  magnesium 
sulfate,  and  adverse  effects  were  rare  or  minor.  It  is  im- 
portant to  note  that  the  roiiiliw  use  of  magnesium  sulfate  in 
all  asthma  patients  did  not  produce  clear  beneficial  effects 
(OR  for  admission  0.3 1 ,  95%  CI  0.09-1 .04).  Patients  w  ith 
clinically  severe  asthma  and/or  pulmonary  function  test 
results  <  30^^  of  predictetl  in  adults  and  <  50'^;  in  chil- 
dren, and  who  exhihil  a  poor  response  to  initial  broncho- 
dilator  thcrapv.  may  benefit  most  from  intravenous  mag- 
nesium sulfate  treatment.  Since  this  agent  has  been  shown 
to  be  easy  to  use.  extremely  safe,  and  inexpensive,  its  early 
use  in  severe  acute  asthma  should  be  considered.  Currently 
the  recommended  dose  is  2  g  intravenous  over  20  minutes 
in  adults  ami  25-100  mg/kg  in  children  (total  maximum 
dose  of  2  g).-' 

Inhaled  Corticosteroids 

Though  inhaled  corlicosieroids  are  usuall)  considered  a 
therapy  for  chronic  asthma,  in  which  beneficial  effects  are 
seen  over  a  prolonged  period,  there  is  emerging  ev idence 
supporting  their  use  in  the  ED  setting  for  acute  asthma.  A 
Cochrane  systeinatic  review  suggests  that  inhaled  cortico- 
steroids ma\  reduce  admissions  to  hospital  and  improve 
pulmonary  function  when  administered  earlv  in  the  ED 
protocol.-'  Employing  inhaled  corticosteroitis  in  acute 
asthma  was  associated  with  lewer  admissions  dig.  3)  (OR 
0.33,  95'/(  CI  0.17.  0.64)  and  more  improvement  in  pul- 
monary function  ( mean  difference  PEF  8.0%.  95%  CI  3- 1 3 ) 
than  placebo.  However,  several  of  the  studies  included  in 
that  rev  iew  did  not  administer  systemic  corticosteroids  to 
either  the  tiealment  or  eonlrol  group,  thus  limiting  the 
power  ol  the  review  to  determine  the  additive  benelit  of 
inhaled  corticosteroids  when  svstemic  corticosteroids  are 
being  used. 

A  recent  studv-'  indicates  that  there  mav  be  drawbacks 
to  replacing  oral  corticosteroids  with  inhaled  corticoste- 
roids 111  the  tiealment  of  acule  asthma.  In  that  randomized 
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double-blind  suid\.  patients  received  either  inhaled  corti- 
costeroids or  oral  corticosteroids  in  addition  to  standard  )3^ 
agonist  therapy.  Those  treated  with  oral  corticosteroids 
performed  better  and  were  admitted  less  frequently  than 
tho.se  treated  with  inhaled  corticosteroids.  Combined  with 
the  pre\ious  meta-analysis  data,  those  resuhs  suggest  that 
inhaled  corticosteroids  may  be  useful  as  an  adjunct  to 
systemic  corticosteroids,  but  not  as  a  replacement 
choice.-'  -'  Additional  research  is  needed  to  deiermmc  the 
optimal  dose,  frequency,  and  drug  to  be  used,  and  to  clar- 
ify the  magnitude  of  the  additional  hcnefil  when  oral  cor- 
ticosteroids are  being  administered  concurrent  with  inhaled 
corticosteroids. 

Other  Therapies 

The  benefit  ni  other  agents,  such  as  aminophylline,-*' 
intravenous  fi  agonists.-^  and  heliox-**  remains  limited. 
None  of  the  Cochrane  systematic  reviews  found  beneficial 
effects  associated  with  those  agents.  Moreover,  for  ^  ago- 
nists-^ and  aminophylline-''  the  adverse  effects  clearly  out- 
weigh the  benelits.  .Antibiotics  should  not  be  used  unless 
community-acquired  pneumonia  is  complicating  the  asth- 
ma.-'"" Evidence  for  or  against  the  use  of  newer  agents 
such  as  leukotriene  modifiers  and  lev  albuterol  remains  un- 


clear at  this  point,  hut  current  research  should  help  to 
clarify  the  place  of  those  agents. 

Post-Emergency  Care 

The  goal  of  post-ED  care  is  to  safclv  return  each  patient 
to  a  level  of  functioning  c(immcnsuratc  with  the  current 
definition  of  asthma  "control."  According  to  the  Canadian 
guidelines,  control  means  the  patient  is  using  rescue  {i 
agonists  fewer  than  4  times  per  week,  is  sleeping  through 
the  night,  and  is  performing  his  or  her  regular  daily  activ- 
ities (eg.  work,  exercise)  without  limitations  due  to  asth- 
ma.^ This  would  also  entail  patients  receiving  the  appro- 
priate therapy  (eg.  medications,  education  compliance) 
required  to  prevent  or  attenuate  the  next  asthma  exacer- 
bation. 

Oral  Corticosteroids 

Approximately  I2-I6'7f  of  patients  treated  for  acute 
asthma  will  relapse  within  2  weeks  of  ED  discharge,  many 
because  of  unresolved  inllammation  that  leaves  the  air- 
ways sensitive  to  inhaled  initants."  Guidelines  strongly 
encourage  treatment  w  iih  systemic  corticosteroids  tollow- 
ins  ED  discharszc  foi-  an  acute  exacerbation,  to  reduce  the 
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Fig.  3.  Effect  of  inhaled  corticosteroids  (ICS)  on  hospital  admissions  for  acute  asthma,  based  on  comparisons  of  ICS  plus  systemic 
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risk  of  reiap.se.'''' Compelling  evidence  for  ihat  approacii  is 
found  in  a  Cochrane  systematic  review  comparing  post-ED 
corticosteroids  therapy  to  placebo."  Significantly  fewer 
patients  in  the  corticosteroids  group  relapsed  in  the  first 
week  (Fig.  4)  (OR  0.35.  95^7^  C\  0. 1 7-0.73).  That  reduced 
risk  continued  over  the  first  21  days  (OR  0.33.  95%  CI 
0. 1 3.  0.82).  The  corticosteroid  group  also  had  less  need  for 
/3,  agonists  (mean  difference  3  activations/d,  95%  CI  -5.5 
to  -1.0).  Pulmonary  function  test  results  and  adverse  ef- 
fects, though  rarely  reported,  were  not  different  between 
the  treatment  groups.  Quality  of  life  was  not  reported  fre- 
quently enough  to  comment  on  this  outcome.  A  subgroup 
analysis  indicated  that  intramuscular  corticosteroids  and  a 
7-10  day  tapering  course  of  corticosteroids  were  similarly 
efficacious.  Intramuscular  therapy  may  be  best  reser\ed 
for  patients  with  questionable  compliance.  inabilit\  to  af- 
ford the  price  of  an  oral  prescription,  or  those  who  are 
otherwise  unreliable  (eg.  cognitive  impairment.  into,\ica- 
tion).  The  review  determined  that  the  associated  number 
needed  to  treat  was  10  (95%  CI  7-22)  treated  patients  to 
prevent  1  relapse  after  an  asthma  exacerbation." 

The  small  sample  sizes  of  the  randomized  coniruiled 
trials  performed  to  date  did  not  permit  an  examination  ot 
the  relative  effecti\eness  of  various  regimens,  and  a  de- 
finitive recommendation  cannot  be  provided  concerning 


dose  or  dosing  protocol!  si.  However.  gi\en  the  better  com- 
pliance associated  with  the  once-daily  dose  and  the  avail- 
ability of  40  or  50  mg  tablets  in  North  America,  the  use  of 
oral  corticosteroids  for  a  short  period  (5-10  d)  seems  ap- 
propriate for  most  patients  discharged  after  an  acute  asthma 
episode.  Tapering  oral  corticosteroids  over  the  first  7-14 
day  period  appears  unwarranted."-  *'  especially  when  in- 
haled steroids  and  other  anti-inflaiiiniator>  agents  are  ad- 
ministered concurrentlv.'-* 

Inhaled  Corticosteroids 

In  North  America,  the  majority  of  patients  with  acute 
asthma  treated  in  an  emergency  setting  are  discharged  and 
prescribed  a  short  course  (5-7  d)  of  oral  corticosteroids. 
Less  inf(M'matii)n  exists  regarding  the  use  of  inhaled  cor- 
ticosteroids: however,  the  data  thai  exist  indicate  impres- 
sive practice  differences  w  iih  respect  to  that  Ireaiment.  For 
example,  in  United  States  sites  associated  with  a  large 
North  American  ED  airway  research  network,  only  10%  of 
discharged  patients  were  prescribed  an  inhaled  corticoste- 
roid if  they  were  not  regularly  taking  one.  whereas  in 
Canadian  sites  more  than  50%  of  similar  patients  were 
treated  with  an  inhaled  corticosteroid  at  discharge.'* 
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Fig.  4.  Effect  of  corticosteroids  (versus  placebo)  on  subsequent  relapse  in  acute  asthma.  CI  =  confidence  interval.  (Adapted  from  Reference 
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There  is  evidence  to  support  using  a  combination  of 
inhaled  and  oral  corticosteroids  after  discharge  from  the 
ED.'-*  There  are  2  published  randomized  controlled  tri- 
als" "'  and  one  in  press'"  that  individually  pro\  ide  some- 
what conflicting  evidence  on  the  addition  of  inhaled  cor- 
ticosteroids, but  when  combined  in  a  systematic  re\iew 
favor  the  combination.  "*  The  pooled  effect  indicates  a  trend 
of  fewer  post-discharge  relapses  among  the  group  that 
used  inhaled  corticosteroids  plus  oral  corticosteroid  than 
ainong  those  who  used  only  oral  corticosteroids  (Fig.  3) 
(OR  0.68.  95%  CI  0.46-1.02).''' 

Clinically,  the  results  of  that  review  indicate  that  pa- 
tients who  are  already  taking  inhaled  corticosteroid  agents 
should  be  counseled  by  the  ED  staff  regarding  compli- 
ance-enhancing interventions.'"  ■"  Keep  in  mind  that  many 
of  the  acute  asthma  patients  who  present  to  the  ED  exhibit 
features  associated  with  poorly  controlled  chronic  asth- 
ma.^' They  represent  vulnerable  patients  who  are  ideal 
candidates  for  inhaled  corticosteroids.  Consequently,  we 
would  recommend  those  patients  not  alreaiK  on  inhaled 
corticosteroids  agents  be  considered  for  short  or  long-term 
inhaled  corticosteroid  therapy  in  coniLinction  wiih  oral  pred- 
nisone alter  discharge.  The  dose  and  duration  of  inhaled 


and  oral  corticosteriiids  should  be  based  on  recent  history 
of  symptom  control,  health  care  utUi/ation.  and  quality  of 
life  indicators.  For  those  patients  uiih  more  severe  illness, 
this  clearly  would  be  the  optimal  treatment  strategy. 

There  are  several  recent  publications  examining  the  ef- 
fect of  replacing  oral  corticostert)ids  with  high-dose  in- 
haled corticosteroids.  These  generall\  compare  oral  pred- 
nisone to  \er\  high  doses  of  inhaled  corticosteroids  in 
acute  mild  asthma  after  discharge.  Though  the  systematic 
re\icw  found  no  significant  difference  in  asthma  relapse 
between  the  two  treatments  (OR  1.0.  959c  CI  0.48-1.42). 
those  results  need  to  be  interpreted  cautiously."'  .Although 
the  evidence  implies  equi\alence.  the  results  are  not  con- 
clusive, because  of  the  width  of  the  CIs  and  the  inclusion 
of  only  patients  with  mild  asthma  exacerbations.  Given  the 
limited  data  on  this  issue  to  date,  use  of  inhaled  cortico- 
steroids alone  should  be  reserved  for  those  patients  with 
very  mild  asthma  and  those  who  refuse  to  or  cannot  take 
oral  corticosteroids.  Compared  to  the  traditional  short 
course  of  prednisone,  inhaled  corticosteroids  are  expensive 
and  more  difficult  for  patients  and  families  to  use.  Given 
the  potential  for  adiled  benefit  with  combined  therapy, 
future  research  should  focus  on  iluit  important  comparison. 
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Othur  Therapies 

Exciting  a(J\anccs  are  being  niatle  in  chronic  asthma 
care  with  the  introduction  of  long-acting  j3  agonists^-  and 
leukotriene  modifiers. ■**  Though  preliminary  evidence  sug- 
gests those  agents  may  be  effective  in  the  acute  setting, 
further  e\idence  of  both  efficacy  and  effecti\eness  arc 
rcquircii  |irior  to  recommending  im|ilcn)cnlation, 

Non-Pharmacologic  Approaches 

Asthma  l.thication 

Education  is  one  of  the  key  recommendations  in  tiic 
North  American  asthma  guidelines.^''  In  addition.  sur\c\cd 
emergency  physicians  felt  that  education  was  an  important 
component  of  asthma  care  and  rated  many  education  items 
as  necessary.^"  In  a  narrative  review  of  asthma  education, 
authors  have  emphasized  the  need  to  educate  asthma  pa- 
tients.-*-' However,  overall,  the  results  of  individual  trials 
and  systematic  reviews  regarding  general  asthma  educa- 
tion have  been  disappointing;  this  is  especialK  true  for  the 
acute  setting. 

A  systematic  review  of  randomi/ed  controlled  trials  w  iih 
children  who  attended  the  ED  was  conducted  to  idcntils 


whether  asihma  education  leads  to  impnncd  health  out- 
comes.■'^  The  anal\scs  touiul  that  structured  education,  as 
compared  to  usual  care  or  lower  intensity  education,  did 
not  reduce  subsequent  ED  visits  (RR  0.87.  95' <  CI  ()..^7- 
2.08).  hospital  admissions  (RR  0.74.  95%  CI  0.38-1.46). 
or  unscheduled  doctor  visits  (RR  0.74.  957f  CI  0.49-1 .  12). 
However,  there  was  substantial  heterogeneity  in  the  pooled 
results  (p  <  0.01).  with  potential  for  uncontrolled  influ- 
ence from  several  confounding  factors.  The  authors  con- 
cluded that  there  was  no  firm  e\ idence  to  support  asthma 
education  for  children  to  improve  asthma  control  and  that 
more  rigorous  research  was  necessary. 

Another  Cochrane  review  exanuned  the  impact  of  lim- 
ited asthma  education  programs  (information  only )  for  asth- 
matic adults.^''  There  was  no  effect  on  hospital  admissions, 
doctor  \isits.  kmg  function,  medication  use.  or  normal 
activity  days  lost.  Perceived  asthma  symptoms  did  im- 
prove in  the  education  group  (OR  0.40.  95%  CI  0.18- 
0.86).  One  included  study  found  that  education  was  asso- 
ciated with  fewer  ED  visits  (mean  decrease  in  visits/ 
person/y  2.8.  95%  CI  -4. .^-1.2).  The  reviewers  concluded 
that  use  of  limited  asthma  education  as  it  has  been  prac- 
ticed does  not  appear  to  improve  health  outcomes  in  adults. 
The  usefulness  of  education  in  the  ED  was  encouraging, 
but  lurther  research  is  required  to  confirm  those  findings. 
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A  second  review  b\  tlie  same  group  assessed  the  effects 
of  adiili  asilinia  self-management  programs  coupled  with 
regular  medical  re\  iew.^^  Self-management  education  re- 
duced hospiiali/ations  (OR  0.57. 95':f  CI  0.38-0.88),  emer- 
gency room  visits  (OR  0.71.  95%  CI  0.57-0.90).  unsched- 
uled doctor  visits  (OR  0.57.  95%  CI  0.40-0.82).  missed 
work/school  days  (OR  0.55.  95%  CI  0.38-0.79),  and  noc- 
iiunal  asthma  (OR  0.53.  95%  CI  0.39-0.72).  Pulmonary 
lunciion  measures,  however,  changed  very  little  with  the 
combined  interventions.  If  a  written  action  plan  was  added 
to  the  program,  there  were  even  fewer  hospitalizations 
(OR  0.35.  95%  CI  0.18-0.68).  Patients  who  could  self- 
adjust  their  medications  using  an  individualized  written 
plan  had  better  lung  function  than  those  whose  medica- 
tions were  adjusted  by  a  doctor. 

The  clinical  implications  of  these  reviews  seem  to  be 
that  isolated  general  asthma  education  alone  provides  lim- 
ited benefit.  However,  management  plans  that  involve  reg- 
ular review  by  health  care  professionals  plus  teaching  pa- 
tients to  self-monitor  and  adjust  their  medications  using  a 
w  ritten  action  plan  appear  to  be  effective  in  reducing  asthma 
s>  riiptoms.  health  care  use.  and  improving  asthma  quality 
of  life,  and  should  be  encouraged.  Clinicians  might  be  well 
advised  to  educate  staff,  patients,  and  families  in  asthma 
self-management  that  involves  monitoring  of  asthma  (by 
either  PEF  or  symptoms),  regular  medical  review,  and 
prov  ision  of  a  written  action  plan. 

Other  Issues 

Studies  have  documented  that  a  large  percentage  of  pa- 
tients are  repeatedly  exposed  to  environmental  irritants.  A 
substantial  number  of  asthma  patients  are  either  exposed 
to  cigarette  smoke  or  persist  in  smoking  despite  the  pres- 
ence of  asthma.  Smoking  cessation  counseling  and  avoid- 
ance strategies  should  be  provided  to  those  patients  and 
their  families,  during  every  exacerbation,  in  an  attempt  to 
motivate  smokers  to  overcome  the  addiction. 

Acute  exacerbations  represent  an  opportunity  for  ED 
physicians  and  staff  to  review  pharmacologic  and  non- 
pharmacologic  asthma  management.  Adhering  to  a  long- 
term  plan  to  keep  asthma  under  control  is  often  problem- 
atic, especially  in  the  areas  of  regular  medication  use  and 
avoiding  environmental  triggers.  The  opporlunitv  to  intro- 
duce or  reinforce  helpful  behaviors  should  no{  be  losi. 
Whenever  practical,  physicians  should  encourage  patients 
to  seek  continuing  primary-care  physician  follow-up. 

Other  considerations,  such  as  immunizations  againsi  in- 
fluenza.-"* use  of  acupimcture.^"  homeopathy.^"  and  dietarv 
changes  (such  as  fatty  acid  intake")  have  been  promotctl 
in  the  past,  but  in  the  literature  there  is  no  evidence  of 
benefit  from  those  interventions  and  one  should  be  cau- 
tious about  recommendint:  them.  However,  evidence  link- 


ing obesity  and  asthma^-  suggests  that  it  may  be  prudent  to 
encourage  a  regular  exercise  program  and  weight  reduc- 
tion as  part  of  any  long-term  asthma  management  plan. 

Summary 

Asthma  is  a  comnmn,  chronic,  and  often  debilitating 
disease.  The  new  treatment  approaches  to  control  bron- 
chial intlammation  summari/ed  herein  prov  ide  hope  tor  an 
earlv  return  to  activ  ilies.  reduced  symptoms,  and  improved 
quality  of  life  in  the  subacute  period  tollowing  an  asthma 
exacerbation.  Combiiimg  self-management  skills  and  ed- 
ucational interventions  with  appropriate  preventive  medi- 
cation provides  patients  with  the  best  opportunity  to  main- 
tain health  status  and  prevent  exacerbations  or  relapse. 
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Discussion 


F.llrodt:  There's  some  evitJence  in 
the  seeoncJary  prevention  liteiatiire 
about  a  messaging  effect  (Juring  actite 
hospitalization:  which  is  to  say.  if  a 
patient  is  hospitahzed  and  then  they 
are  sent  home  on  all  the  rig  it  medi- 
cations— lipid-lowering  agents,  smok- 
ing cessation  counseling,  etc — they 
continue  on  those  medications  for  at 
least  the  next  year.  Is  there  any  such 
messaging  that's  been  observed  in  ED 
visits  around  asthma  care,  to  your 
knowledge? 

Rowe:  Yes.  There's  some  evidence 
that  messaging  does  occur — "nega- 
tive" messaging!  If  inhaled  cortico- 
steroids aren't  initiated  in  the  ED. 
when  you  check  them  in  3  weeks,  only 
1 9c  of  them  have  seen  their  physician 
and  been  given  inhaled  coiticosteroids. 
So.  again,  our  message  to  physicians 
in  the  emergency  setting  is:  Start  them 
on  inhaled  corticosteroids  so  that  when 
they  return  to  theirfamilydoctor(v\  hen 
their  prescription  runs  out)  they'll  be 
able  to  tell  them  whether  it  helped. 
There  is  also  evidence  that  I  didn't 
cover  in  my  presentation  (because  I 
ran  out  of  time),  from  Peter  Ciibsoti's 
reviews.  Peter  Gibson  is  an  Australian 
pulmonary  specialist,  and  he's  done  a 
lot  of  work  on  asthma  education.  At  a 
recent  conference,  we  reviewed 
asthma  education  in  the  context  of  the 
emergency  setting.  Gibson's  data 
would  suggest  that  limited  informa- 
tion— ^^just  limited,  short  bursts  of  ed- 
ucation—  have  no  effect.'  They  might 
have  some  effect  in  the  emergency  set- 
ting, but  there's  onlv  one  trial  dealini: 


with  dial  selling.  But  sell-manage- 
ment, in  addition  to  an  action  plan  for 
patients,  actually  reduces  hospjtali/a- 
tions.  repeat  exacerbations,  ami  a  niitii- 
ber  of  other  important  outcomes. 

You  want  to  give  them  soiucthiiti^ 
in  the  emergency  department:  there's 
not  a  lot  of  evidence  on  what  we  should 
give  them,  but  whatever  we  give  them 
should  be  linked  back  to  their  primary 
care  provider.  That  should  be  part  of 
their  care  in  the  ED:  probably  as  im- 
poiiant  as  medications.  The  acute 
phase  medications  are  really  a  key  is- 
sue, but  they  are  not  the  "only  mes- 
sage." I  don't  think  there's  a  lot  of 
evidence  that  in  the  first  3  weeks  we're 
going  to  make  a  difference  unless  we 
give  them  the  right  medication.  But 
Gibson's  work  wintld  suggest  that  you 
need  to  continue  w  iih  more  than  just 
limited  information-only  interven- 
tions.- I  don't  know  enough  about  the 
in-patient  work,  but  1  know  that  Louis 
Philippe  Boulet  in  Quebec  has  done  a 
lot  of  work  across  the  province  look- 
ing at  all  in-patients  and  out-patients, 
linking  them  to  asihma  education  in 
the  hospital,  and  he's  achieved  very 
good  results,  suggesting  that  relapses 
and  exacerbations  are  considerably  re- 
duced in  the  next  year.  Consequetitiv . 
llie  hospital  visit,  like  the  E.D  visit,  is 
a  real  sentinel  event  lor  aslhnia  pa- 
tienls.  Does  that  gel  at  what  yoti'ie 
thinking.' 
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(Coehrane  review).  In:  The  Cochrane  Li- 
brary. Issue  2.  2001.  Oxford:  Update  Soft- 
ware. 

Kllrodt:  Yes.  The  other  piece  that's 
leallv  important  is  this:  If  you  dim't 
send  them  home  on  the  right  medica- 
tion— let's  say  inhaled  corticoste- 
roids— they  will  never  get  on  them. 
And  that's  exactly  what  happens  in 
secondary  prevention.  If  you  don't 
send  them  home  on  aspirin.  j3  block- 
ers, and/or  angiotensin-conv citing  en- 
/> me  inhibitors,  after  a  myocardial  in- 
farction, they  never  get  on  those 
medications,  even  though  they  should. 
So  I  think  it's  a  very  similar  messag- 
ing system — messaging  to  the  patient 
and  messaging  to  the  attending  phy- 
sician in  (he  communilv. 

(iiiyatt:  Congratulations  on  a  superb 
ev  idence-based  presentation.  Did  I  get 
il  right  that  you  were  showing  differ- 
ences in  outcome  on  readmissions,  ex- 
cept the  ipr;itropitini  '  Is  ilial  right',' The 
anticholinergics.' 

Rowe:  Well,  the  anticholinergics 
Jala  are  not  for  the  out-palieni.  We 
don'i  know  ;ifter discharge  what  wurks 
as  vscll.  Most  physicians  don't  use  an- 
licholinergics  tor  out-patient  asihma 
treatment,  btii  lor  iti-ED  ireaimeni.  il 
does  seem  to  work, 

Guyatt:      Yes.  in-paticiu. 

Rowe:  1 1  showed  a  benelil  lor  re- 
ducing admissions  and  improv  iiig  pul- 
monarv  functions. 
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(iuyutt:      In  :ulmissionN  as  well' 

Kowi':  ^  OS  I'lilnioiiai  \  tiiiKiion  .iiul 
admissions  Im  aiUKluilini.ML;n.s aiX'  iiii- 
provcd. 

(iiiyatt:  So  you  showed  reduclions 
in  admissions  for  all  those  positive 
ones? 

Kowc:      Correct. 

(Juyatt:      Thai's  yreai. 

Rowe:  llowexer.  I  eliminated  intra- 
\enous  /jayonisis.  aminophylline.  and 
antibiotics,  because  they  realh  diin't 
show  a  benefit.  The  one  that  did  shou 
a  sort  of  equivalence  or  no  clear  ben- 
efit to  one  or  the  other  was  the  very 
mildly  asthmatic  patient  being  sent 
home,  and  I  think  that"s  an  important 
one  for  people  to  understand. 

Guyatt:  In  the  analyses  in  which 
you  separated  the  nuld  from  the  se- 
vere asthma.  v\ere  the  magnitudes  of 
the  effects  statistically  different  in  the 
mild  and  severe,  or  is  it  just  that  you 
looked  at  it  and  they  appeared  differ- 
ent? 

Rdwe:  Vou  le  getting  at  the  issue 
about  subgroup  analysis  in  systematic 
views.  This  is  an  a  priori  decision: 
these  are  magnitudes  that  are  statisti- 
cally and  clinically  different.  We  ac- 
cept subgroups  when  there  are  "with- 
in" and  "between"  study  differences. 
In  fact,  regarding  magnesium,  there's 
a  study  that  separates  it  williin  the  studs 
and  shows  a  clear  benefit  in  severel\ 
asthmatic  patients,  and  then  helwecii 
studies  we  also  see  differences.  In  ad- 
dition, we  search  for  a  large  effect, 
evidence  that  it  makes  physiologic 
sen.se,  and  evidence  that  the  subgroup 
has  been  shown  in  the  other  system- 
atic views. 

(iuyatt:  One  of  the  benefits  of  a 
lop-qiialil)   meta-anal_\sis  is  that  smi 


have  a  priori  h\  potheses  about  tlijlcr- 
ciHcs  in  effect  across  dilferent  groups, 
and  \\\\M  Brian  is  telling  us  is  ihal 
the)  started  v\ilh  an  a  priori  hyjiothe- 
sis  that  the  magnitude  of  the  efleci 
max  differ  between  mildly  and  se- 
verely asthmatic  patients:  however, 
they  found  that  it  not  only  appeared 
difiereni.  hut  it  was  statistically  dif- 
ferent between  the  mildly  and  severely 
asthmatic  patients.  So  that's  another 
strength  of  the  review. 

Kllrodt:  This  is  just  a  brief  sum- 
mar) .  When  patients  come  into  your 
ED  with  asthma,  do  you  first  check 
the  peak  expiratory  fiow,  and  then  de- 
cide whether  the  asthma  is  mild,  mod- 
erate, or  severe?  Do  \ini  tlo  thai  if 
you're  able  to? 

Rowe:  Are  you  talking  aboiii  clini- 
cal assessment  of  acute  asthma? 

EllrodJ:      Yes. 

Rowe:  There's  a  lot  of  debate  in  the 
pulmonary  literature  about  peak  tlows 
\ersus  FEV|.  but  the  reality  is  that 
when  people  are  sick  we  need  a  mea- 
sure that  we  can  follow  over  time.  I 
don't  really  care  if  1  get  full  pulmo- 
nary function,  spirometry,  or  peak  fiow 
initially.  I  want  some  measure  in  ad- 
dition to  the  pulse  oximetry,  vital  signs, 
and  my  clinical  examination.  We've 
just  done  a  review  of  our  own  insti- 
tution, just  like  you've  done  for  pneu- 
mococcal vaccination.  We've  got  a 
care  plan  for  asthma,  and  87'(  of  pa- 
tients have  a  peak  fiow  measurement 
at  presentation.  That's  better  than  ii 
vsas  10  years  ago.  but  it's  not  ideal. 

One  of  the  problems  at  the  emer- 
gency triage  is  that  oximetrx  is  not  a 
\ery  sensitive  measure  of  severity.  Un- 
Ibrtunately,  many  asthmatic  adults  will 
be  able  to  talk  to  you  and  have  decent 
oxygen  saturation,  but  w  hen  you  mea- 
sure their  peak  tlow .  it's  259(  ot  pre- 
dictetl.  I  ihink  there's  an  under-triage 
ol  respirator)  problems  in  the  emer- 


gency department,  and  an  over-triage 
of  other  problems,  such  as  chest  pain. 
So  I  tell  all  my  asthmatics.  "Just  say 
you  have  chest  pains,"  because  they'll 
get  seen  faster.  (Kidding!)  They'll  gel 
seen:  whereas  if  you  come  in  with 
asthma  you  don't  really  get  that  sort 
of  urgency.  So  pulmonary  function 
measures  at  some  stage  are  important: 
some  places  are  better  than  others,  and 
1  think  your  quality  control  approach 
really  is  the  wa\  that  most  emergency 
departments  are  trying  to  deal  with  a 
lot  of  these  very  common  diseases  like 
COPD,  asthma,  community-acquired 
pneumonia,  chest  pain,  deep  vein 
thrombosis. 

Ellrodt:  Thanks,  becau.se  it  looks 
like  that  measurement  or  some  assess- 
ments \ar).  that  dri\es  a  lot  of  what 
you  do.  in  terms  of  what  works  and 
what  iloesn't  work,  and  so  sou  cikI  up 
with  very  different  treatment  plans, 
based  on  that  assessment,  in  terms  of 
severity. 

Rowe:  "les.  that's  true.  Again,  a  lot 
of  physical  findings  don't  change,  par- 
ticularly in  adults,  until  the  asthma  is 
very  .severe.  So  if  you  can  recogni7e  a 
really  severe  asthma  exacerbation, 
they're  really  sick.  Moreover,  you 
don't  reall)  need  a  pulmonar)  func- 
tion measurement  in  such  patients. 
They  are  so  sick  sve  often  don't  esen 
attempt  to  obtain  pulmonary  function 
tests,  because  they  can't  complete  the 
test.  They're  less  than  100  L/min  peak 
flow.  The  other  issue  about  peak  fiow 
versus  FEV,  is  that  when  our  patients 
are  that  sick,  svhen  they  go  to  end- 
expiraior)  phase  their  airways  col- 
lapse, they  start  coughing,  and  they 
don't  send  you  any  Christmas  cards 
or  wine,  or  anything.  They're  not 
thanking  )i)u.  Whereas  you  can  get 
peak  floss  ser)  quickl)  and  it's  a  mea- 
suienienl  in  lime.  Il's  one  part  of  the 
coniiiiuum  of  "assessment." 
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Summary 

The  increased  polarity  of  cvidenced-hased  medicine  has  changed  the  approach  to  evaluation  of 
medical  inter\entions  and  treatments,  either  placing  them  on  llrm  scientific  foundations  or  sug- 
gesting that  evidence  is  inadequate  to  strongly  support  current  or  innovative  practices.  Airway 
management  de\ices  and  techniques  are  essential  and  common  components  of  clinical  care.  It  is  the 
purpose  of  this  review  to  identify  the  levels  of  e\  idence  that  support  common  and  no\  el  techniques 
in  airway  management.  Very  few  airway  management  techniques  are  supported  h\  large,  prospec- 
tive randomized  trials.  In  resuscitation,  defihrillation  should  take  priority  over  airway  manage- 
ment. Ihis  is  supported  by  animal  studies  and  several  reported  series  of  patient  experiences  and  will 
never  be  subjected  to  a  prospective  randomized  trial.  Substantial  evidence  supports  the  use  of 
noninvasive  ventilation,  subglottic  endotracheal  tube  secretion  removal,  changing  ventilator  circuits 
no  more  frequentl>  than  ever>  7  da>s.  and  the  use  of  selective  digestive  decontamination  with 
systemic  antibiotics  to  reduce  the  incidence  of  ventilator-associated  pneumonia.  Little  evidence 
supports  using  other  measures  such  as  ele>ating  the  head  of  the  bed  to  MVr  (but  this  costs  nothing 
and  is  intrinsicall>  attractive),  use  of  heat  and  moisture  exchangers,  kinetic  bed  therapy,  early 
tracheotom>.  or  lung  secretion  removal  techniques  to  reduce  \entilator-associated  pneumonia. 
Percutaneous  tracheotomy  currently  can  onl>  be  recommended  o>er  open  surgical  tracheotomy 
based  on  cost,  convenience  and  late  stomal  complications;  it  ma>  be  associated  with  a  slightly  higher 
morbidity  and  mortality.  Key  words:  evidence-based  medicine,  airway  nianayenieni.  veniilauon.  ven- 
lilauir-assdciated  pncmnoiua.  \'.\l\  tracheotomx.     (Respir  Care  2001 :46(  12):  1392-1405] 


Introduction 

Aii\\a\  m.iiuiycnieiit  devices  and  strategies  ha\e  been 
siihjeels  ol'iliseiissioii  and  stud\  for  mans  \ears.  Since  the 
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iincntioii  ;iikI  |icrrcctii)n  dI'  the  cuft'oil  cndoliachcal  lube 
(irri)  in  the  IMSOs.  it  has  hccoinc  Ihc  tldiiiilivL'  device  lor 
aiiu.iN  maiiilciiancc.  When  eumpareil  lo  iu>  airway  ile\iee 
or  iiUeiAeiiiuui,  ihe  oiileoine  usins:  an  111  m  apiieie  pa- 
lienls  or  those  uith  an  ohstiueled  iiatiual  an\wi\  is  oh\i- 
oiisU  improved.  Other  airw a\  manaiiemeni  teehiiii.|iies  and 
devices  are  iisiialls  compared  and  contrasted  to  endotra- 
cheal intubation  w  ith  ciilTed  ETTs.  Many  of  Ihe  reported 
studies  of  airway  devices  are  based  on  controlled  use  ol 
ETTs  in  the  operaliny  room  for  short  periods  during  sur- 
gical procedures,  Ihe  use  of  such  reports  to  generali/e  to 
other  areas,  such  as  the  pre-hospital  phase  of  resuscitation 
or  the  post-injury  phase  of  intensive  care  unit  (Kl'l  care. 
is  of  questionable  validity. 

Besides  the  issue  of  lechnK|Lies  and  devices  used  in 
prov  iding  acute  airway  support,  studies  t)f  prolonged  air- 
wav  management  alternatives  have  been  performed.  The 
1  isks  and  benefits  of  prolonged  ETT  intubation  versus  the 
risks  of  performing  and  benefits  ol  maintaining  a  surgical 
airway  have  received  extensive  attention.  Reeomnienda- 
lions  have  been  considered  as  to  the  optimal  timing  of 
tracheotomy  and  the  best  techniques  bv  which  to  perform 
it.  The  relationship  of  the  artificial  airway  to  various  com- 
plications, such  as  accidental  extubation  and  the  incidence 
of  ventilator-associated  pneumonia  (VAP).  is  of  inlercsi  to 
clinicians  and  has  been  investigated. 

Evidence-based  medicine  (EBM).  as  used  in  this  paper. 
consists  of  a  critical  analytical  approach  lo  the  available 
scientific  data,  both  published  and  unpublished,  to  derive 
practical  guidance  to  help  clinicians  choose  the  best  alter- 
natives in  a  given  situation.  As  such,  evidence-based  state- 
ments or  treatment  recommendations  will  have  a  graded 
classification  identifying  the  level  of  evidence  that  sup 
ports  the  statement.  Table  I  proviiles  the  definitions  used 


in  this  paper  for  grading  the  levels  of  evidence  and  EBM 
recommendations.  Where  available,  references  lo  previ- 
ously published  EBM  recommendations  and  meta-analy- 
ses are  includeil. 

This  paper  reviews  the  published  literature  in  support  of 
EBM  recommendations  about  airway  management  tech- 
niques and  devices.  The  specific  areas  lo  be  considered  are: 

1.  Initial  emergency  airway  management  in  critically  ill 
patients 

2.  Ventilator-associated  pneumonia,  relationship  to  air- 
way devices  and  management  techniques 

.^.  Prolonged  intubation,  use  and  timing  of  tracheotomy 
and 

4.  Percutaneous  versus  surgical  tracheotomy 
Our  goal  IS  to  detail  the  level  and  quality  of  experimen- 
tal support  that  has  been  published  using  EBM  principles 
for  various  recommendalions  in  these  general  areas  relat- 
ing to  artificial  airways.  There  is  a  wealth  of  experimental 
material  published  addressing  intermediate  outcomes,  but 
the  goal  in  this  paper  is  to  examine  the  material  related  to 
ultimate  patient  outcome  from  the  systematic  use  of  tech- 
niques and  equipment.  Though  a  specific  device  or  tech- 
nique may  be  useful  and  effective  in  a  skilled  individual's 
hands  under  carefully  controlled  clinical  conditions,  its  use 
by  the  wider  population  of  caregivers  and  in  routine  (un- 
contrt)lled)  clinical  settings  is  the  focus  of  this  review. 

Initial  Emergency  .\irway  Management 

The  "ABCs"  (.Airwav.  Breathing,  and  Circulation  i  of 
resuscitation  have  recently  been  challenged  by  confirma- 
tion of  the  hypothesis  that  the  most  important  intervention 
(and  only  contributor  to  improved  survival)  is  the  rapid 
deliverv   of  electrical  delibrillaiion  in  patients  suffering 


Table  1.       Levels  of  Evidence  and  Grading  of  Recommendations 


Levels  of  Evidence 
Level  I 


Level  II 


Level  111 

Level  IV 

Level  V 

Gradini!  of  Recommendations 

A  Supported  by  at  least  one  Level  I  invcsligalion 
B  Supported  by  only  one  Level  I  investigation 
C  Supported  by  Level  II  investigations  only 
D  Supported  by  al  least  one  Level  III  investigation 
E  Supported  by  Level  IV  or  Level  V  evidence 


Large,  randomized  trials  uiili  clear-cui  results;  low  risk  of  false-positive  (a)  error  or  false- 
negative  (P)  error.  Or  a  meta-analysis  where  the  lower  limit  of  Ihe  confidence  interval 
exceeds  the  minimum  clinically  important  benefit. 

Small,  randomized  trials  with  uncertain  results;  moderate  to  high  risk  of  false-positive  [a) 
and/or  false-negative  (fi)  error.  Or  a  meta-analysis  where  the  lower  limit  of  tlie  confidence 
interval  overlaps  the  minimum  clinically  important  benefit. 

Nonrandomized,  concurrent  cohort  comparisons,  contemporaneous  controls. 

Nonrandomized,  hisiorical  cohorl  comparisons/controls,  and  experi  opinion. 

Case  series,  uncontrolled  studies,  and  expert  opinion. 
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cardiac  aircsi  aiul  uho  arc  in  \cniiicLilar  lilii  illatmn  Ihc 
nmsi  comimin  aiicst  liniliin.  Delay  in  dclilirillaiioii  by 
c\cn  I  miiuito  results  in  a  significant  decrenieni  in  sur\  i\ al 
and  significant  increase  in  morbidity. 

Ri'coinniciulalion.  If  a  ilcfihrillalor  Is  immediately  avail- 
able, opening  the  airwax  and  reseiie  brealhini;  slioidd  he 
delaxed  until  the  cardiac  rlnthm  i.\  identified  and  defihril- 
lalion  accomplished.  This  a  Grade  D  recoiiiniciKlalion. 
supported  by  several  Level  III  reports.'  "  The  iiiiphcatioiis 
of  this  recommendation  on  expenses  and  public  policy  are 
huge.  If  the  outcome  trom  resuscitation  is  to  be  impnnetl. 
rapid  access  to  delibrillation  in  any  en\  ironment  must  be 
made  a\ailable.  This  requires  strategic  distribution  of  (ex- 
pensive) devices  and  an  adequately  trained  provider  pool 
willing  and  able  to  use  them.  This  is  being  accomplished  in 
the  United  States  by  the  widespread  deployment  of  auto- 
mated external  defibrillators.  The  mo\ement  to  public  access 
defibrillation  has  been  embraced  in  areas  of  increased  nsk  (at 
public  events  such  as  at  sport  stadiums,  at  transportatitin  hubs 
such  as  airports,  and  at  predictably  stressful  situations  in  el- 
derly males  such  as  gambling  casinos). 

Recommendation.  Endotracheal  intubation  is  no  better 
than  other  airway  devices  and  bag-valve-inask  iBVMj  ven- 
tilation during  pre-hospital  resuscitation  of  pediatric  pa- 
tients in  need  of  airway  support.  This  is  a  Grade  C  rec- 
ommendation based  on  a  single  prospective,  randomized 
study  of  830  children  <  12  years  old  and  v\eighing  <  40 
kg.''  Airway  management  including  intubation  at  the  scene 
was  provided  by  .'^6  emergency  medical  technicians  ex- 
perienced in  adult  intubations,  following  a  brief  didactic 
and  practical  training  session  directed  at  managing  the 
pediatric  airway.  Despite  having  several  years  of  experi- 
ence in  adult  intubation,  only  about  609^  of  patients  ran- 
domized to  the  intubation  group  were  successfully  intu- 
bated. When  analyzed  with  respect  to  intent  to  treat,  there 
was  no  difference  in  survival  (which  was  poor:  30'^f  with 
BVM  vs  26%  with  ETT)  or  the  quality  of  survival  (neu- 
rologic function)  overall.  The  subgroup  following  submer- 
sion showed  a  trend  to  higher  survival  with  ETT  (3.^'^r 
with  BVM  vs  479f  with  ETT).  as  did  the  group  with 
multiple  trauma  ( 19^:^  with  BVM  vs  24%  with  ETT).  Use 
of  BVM  favored  survival  in  the  foreign  body  aspiration, 
child  abuse,  and  reactive  airway  subgroups  and  reached  sta- 
tistical significance  in  the  pure  respiratory  anesi  subgroup 
(509;  with  BVM  vs  309;  with  ETT  I.  The  tact  that  subgroup 
analysis  indicated  such  wide  differences  in  outcome  suggests 
that  there  are  conditions  under  which  one  approach  may  be 
favored.  Hinvever.  because  of  lack  of  statistical  power,  no 
conclusions  coukl  be  reached  aboul  which  patients  would 
benefit  from  one  approach  over  the  other. 

Caution  must  be  exercised  in  applying  this  recommen- 
dation to  other  patient  populations  or  with  iither  trained 
prov  iders  managing  the  airvv  ay .  More  experienced  respond- 
ers  (ie.  respirati>ry  therapists  and  anesthesiologists)  sht)uld 


employ  their  airwav  skills  as  ilie  need  presents.  Nothing  in 
this  recommciKlatioii  suggests  a  worse  patient  outcome 
from  ETT  placement  by  a  skilled  provider:  however,  re- 
peated unsuccessful  attempts  al  intubation  may  be  a  con- 
tributing factor  to  worse  outcomes  in  the  intubation  group. 

New  airway  devices  have  been  developed  for  use  in  the 
operating  room.  Some  of  these  devices  are  making  their 
appearance  in  emergency  airway  management  scenarios. 

Recimunendali<m.  The  laryngecd  mask  airway  il.M.X} 
should  be  substituted  for  other  noninvasive  devices  (H\'M. 
oral  pharyngeal  airway,  nasal  pharyngeal  (n'rwax)  dining 
initial  emergency  airwax  management  in  patients  with  de- 
pressed airwax  reflexes.  This  a  Grade  D  recommendation, 
as  no  large-scale,  randomi/'cd  controlled  comparative  trial 
in  humans  has  been  published.^  '" 

The  LMA  is  a  relatively  new  airway  device,  developed 
in  Great  Britain  by  Archie  Brain.' '  It  has  been  used  in  the 
operating  room  for  routine  airw  ay  management,  in  patients 
with  difficult  airways,  and  as  a  portal  for  blind  intubation 
or  fiberoptic  ETT  placement.  The  device  was  designetl  to 
bypass  the  most  comnuni  cau.ses  of  manual  ventilation 
failures — the  supraglottic  soft  tissues,  including  the  soft 
palate  and  tongue.  Initial  placement  of  the  dev  ice  is  easy 
to  teach  and  learn,  and  placement  skill  is  easily  retained.'-" 
In  comparison.  BVM  ventilation  is  a  more  difficult  tech- 
nique to  master  and  retain.'^  '"  The  major  impediment  to 
implementing  this  recommendation  is  the  difficultv  in  dis- 
tributing LM  As  to  the  areas  of  need.  In  the  new  ,Adv  aiiced 
Cardiac  Life  Support  Guidelines,  the  LMA  is  suggested  as 
an  alternative  airway  device  based  on  the  e\ idence  that  it 
has  generally  been  shown  to  be  "safe."  rather  than  the 
definitive  device  and  of  prov  en  superiority  to  BVM  tech- 
niques.'^ A  major  limitation  in  the  use  of  the  LMA  is  cost. 
They  are  nondisposable  and  produced  in  7  different  sizes 
for  use  in  neonates  to  large  adults.  Each  LMA  costs  sev- 
eral hundred  dollars  and  must  be  disinfected  between  each 
patient  use.  The  life  span  of  the  LMA  is  approximately 
30-50  uses,  but  varies  widely,  depending  on  how  well  the 
user  protects  the  device.  The  more  widely  the  device  is 
used,  the  shorter  the  life-span.  A  disposable  LMA  has 
been  developed,  but  it  is  only  available  in  adult  size,  and 
it  has  not  yet  been  show n  to  be  as  effective  as  the  original 
design. 

As  with  other  noninvasive  airway  devices,  the  LM.A 
provides  minimal  or  no  protection  from  pulmonary  aspi- 
ration. A  variation  with  an  esophageal  port  for  gastric 
evacuation  and  decompression  has  been  developed,  but  is 
not  yet  widely  available  or  proven  effective.  .Another  issue 
in  using  the  LMA  is  that  it  is  less  effective  at  delivering 
high  ventilation  pressures  than  is  BVM  ventilation.  The 
higher  pressures  needed  in  patients  with  poor  pulmonary 
compliance  can  more  effectively  be  delivered  by  2  rescu- 
ers using  a  BVM  device.  However,  neither  device  is  ideal 
in  that  situation,  as  uastric  distention  and  increased  risk  of 
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aspiration  is  rinitino  with  BVM  Ncntilalion.  The  cuftetl 
ETT  remains  the  "detlnitive"  airway  for  supplyini:  artitl- 
cial  \ciitilaiioii.  especially  in  conditions  of  reduced  pul- 
monary com|iliance. 

Ni'iitilator-Associati-d  Pneumonia 

Interest  in  \  AP  relates  to  its  trequent  occurrence  and 
probable  impact  on  patient  morbidity  and  mortality.'^ '"  In 
addition.  VAP  is  associated  with  a  longer  length  of  stay 
and  higher  hospital  costs.-"-'  Taken  together,  the  occur- 
rence of  VAP  substantially  increases  the  disease  burden  to 
critically  ill  patients  and  the  cost  ot  pro\  iding  care.  Much 
has  been  learned  about  VAP  risk  factors,  and  it  is  hoped 
that  modifications  of  patient  care  can  reduce  the  incidence 
and  consequences  of  this  problem.  The  approaches  to  pre- 
vention have  focused  on  se\eral  general  areas,  which  can 
be  classified  as: 

Mecluiiiiciil.  Relating  to  the  devices  used  for  manage- 
ment of  mechanical  ventilation  (ventilators,  circuits.  ETTs. 
humiditlcation  devices,  and  suctioning  methods  and  de- 
vices) 

General.  Relating  to  nonxentilaiion  aspects  of  patient 
care  (including  the  effect  of  patient  position,  kinetic  beds, 
gastrointestinal  management,  and  the  ICU  environment) 

Phanmicolofiic.  Including  empirical  and  rotating  anti- 
biotic strategy,  selective  digestive  decontamination,  and 
inhaled  antibiotics 

Though  the  impact  of  most  of  the  proposed  treuimeiit 
interventions  has  not  been  subjected  to  large,  prospective, 
randomized  trials,  there  have  been  several  recent  evidence- 
based  reviews  e\aluating  the  effectiveness  of  some  of  these 
interventions  in  reducing  the  incidence  of  VAP. 

Diagnosis  of  \  entilator-.Associated  Pneumonia 

One  of  the  problems  in  studying  VAP  has  been  the 
difficulty  of  establishing  the  diagnosis.  Different  criteria 
are  often  used  by  different  investigators,  and  comparison 
of  separate  studies  has  been  difficult.  Though  the  Centers 
for  Disease  Control  have  general  diagnostic  guidelines  for 
VAP.  many  different  specitlc  tests  are  reported  in  studies. 
In  .April  2()()()  an  EBM  review  of  diagnostic  tests  for  VAP 
was  published  in  a  supplement  in  Clicst.^-  The  presence  of 
a  new  fever,  elevated  white  blood  cell  count,  and  either  a 
new  infiltrate  on  chest  radiograph  or  development  of  pu- 
rulent sputum  are  considered  suggestive  of  VAP.-*  These 
criteria  are  sensitive  but  not  specitlc.  as  there  is  inconsis- 
tency in  clinician  evaluation  of  radiographs  for  evidence 
of  infiltration.--*  These  problems  led  the  consensus  report 
to  recommenti  that  additional  studies  be  used  to  establish 
the  diagnosis  of  VAP. 

Recommciukttion.  Culture  lecliniques  sliouUI  he  used 
for  dicii'nosis  of  VAP.  This  is  a  Grade  B  recommendation 


based  on  the  level  of  evidence  evaluation  classitlcalion 
used  in  the  consensus  process  (which  differs  substantially 
from  the  classification  used  in  this  paper  |see  Table  l|). 
(Cjrade  A  recommendations  were  based  on  direct  scientific 
evidence.  Grade  B  recommendations  were  based  on  sci- 
entillc  evidence  supplemented  by  expert  opinion.  Grade  C 
recommendations  were  based  on  expert  opinion  alone. 
Grade  D  recommendations  had  no  definitive  evidence  or 
consensus  opinion.--) 

Specific  recommendations  regarding  culture  techniques 
incluile: 

1 .  (iram-siain  anil  culiuie  ol  endotracheal  aspirates  may 
be  useful  in  diagnosing  the  presence  of  VAP.  This  is  a 
Grade  I)  recommendation. 

2.  The  presence  of  antibody  coating  or  elastin  fibers  is 
unreliable  and  should  not  be  iisetl  to  diagnose  VAP.  This 
is  a  Grade  C  recommendation. 

Other  diagnostic  recominendations  include: 

1.  VAP  should  be  suspected  in  patients  receiving  me- 
chanical ventilation  for  at  least  4  days  if  2  or  more  of  the 
following  features  are  present:  temperature  of  >  38°  C 
or  <  36  C:  leukopenia  or  leukocytosis;  purulent  tracheal 
secretions;  and  decreased  oxygenation.  In  the  absence  of 
all  of  those  findings,  no  further  investigations  are  required, 
and  observation  only  is  requireil.  This  is  a  Grade  B  rec- 
ommendation. 

2.  If  two  or  more  of  those  abnormalities  are  present,  a 
chest  radiograph  should  be  evaluated.  If  the  tlndings  are 
normal  (or  unchanged),  other  causes  of  the  abnormal  clin- 
ical tlndings  should  be  investigated.  This  is  a  Grade  C 
recommendation. 

Antibiotic  treatment  recommendations  that  were  pro- 
posed from  the  consensus  process  included  culture-directed 
and  empirical  choices.  Though  the  level  of  ev  idence  fa- 
voring a  specific  approach  to  culture  technique  is  minimal, 
use  of  culture  results  from  the  variety  of  available  tech- 
niques when  VAP  is  likely  to  be  present  was  endorsed  by 
the  expert  panel.  In  general,  culture  techniques  tend  to 
reduce  the  use  of  antibiotics  over  empirical  treatment,  but 
there  is  no  strong  evidence  that  this  makes  a  difterence  in 
outcome.  If  the  radiograph  shows  alveolar  intlkrates  or  an 
air  bronchogram  sign,  or  if  the  radiographic  findings  have 
worsened,  one  of  the  following  2  management  options 
(quantitative  testing  or  empirical  treatment  and  qualitative 
testing)  should  be  pursued: 

I .  Quantitative  procedures  include  nonbronchoscopic 
techniques  (quantitative  endotracheal  aspiration,  blinded 
bronchial  sampling. catheter-based  bronchoalveolar  lavage, 
or  blinded  protected  specimen  brush)  and  bronchoscopic 
techniques  (protected  specimen  brush,  bronchoalveolar  la- 
vage, or  protected  bronchoalveolar  lavage).  Because  these 
tests  have  similar  sensitivities,  specificities,  positive  pre- 
dictive values,  and  likelihood  ratios,  the  choice  depends  on 
local  expertise,  experience,  availability,  and  cost  factors. 
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This  is  a  Gnulc  I)  ivci>ninK'ndaliiiii.  Iivalmcnl  shduki  ho 
based  on  the  ivsiiUs  ol'  diagnoslic  testing. 

2.  Decisions  about  empirical  theiapy  should  be  detei- 
niuied  b\  the  patient's  chnical  stabiHty.  the  degree  of  clin- 
ical suspicion,  and  the  lesults  of  picliniinary  tests.  The 
selecliiMi  ot  appropriate  empirical  theraps  is  based  on  risk 
factors,  local  bacterial  epidemiology,  and  resistance  pat- 
terns, and  invohes  qualitative  testing  to  identify  possible 
pathogens  and  ma\  include  quantitati\e  testing.  This  is  a 
Grade  I)  recommendation.  Therapx  is  adjusted  according 
to  culture  results  or  clinical  respinise. 

lnvasi\e  tests  may  a\i)id  the  use  ol  antibmtics  for  clin- 
icall\  unimportant  organisms.  No  direct  evidence  or  con- 
sensus indicates  the  superiority  of  one  invasive  test  over 
another.  This  is  a  Grade  B  recommendation.  .Support  for  this 
approach  was  reported  in  a  recent  study  in  w hich  withholding 
antibiotic  therapv  when  invasive  tests  did  not  contlrm  a  clin- 
ical suspicion  ol  V.AF  w  as  not  associated  w  iih  the  recurrence 
of  VAP  or  w  ith  increased  iiK>rtality  rates.-' 

Substantial  gaps  exist  in  the  scientific  knowledge  of  the 
u.se  of  all  of  these  culture  techniques.  Because  these  diag- 
nostic techniques  are  not  standardized,  reported  data  on 
sensitivity  and  specificity  differ.  Comparison  of  the  results 
from  different  studies  and  medical  centers  is  difficult.  An- 
other problem  with  the  available  data  is  that  the  popula- 
tions studied  have  been  very  heterogeneous,  and  some 
studies  have  used  only  subsets  of  patients  in  order  to  em- 
phasize specific  points.  The  Appendix  summarizes  the  EBM 
analysis  regarding  the  blinded  culture  techniques. 

Additional  concerns  surround  the  reports  of  clinical  tri- 
als of  diagnosis  and  treatment  of  VAP.  Many  patients 
receive  antimicrobial  agents  before  testing  is  performed, 
making  it  impossible  to  interpret  test  results.  Evidence 
suggests  that  after  recent  antibiotic  treatment  for  suspected 
VAP,  the  diagnostic  thresholds  for  numbers  of  organisms 
in  the  culture  must  be  decreased  to  maintain  accuracy.-"  In 
contrast,  ongoing  antibiotic  therapv  for  a  preexisting  in- 
fectious disease  does  not  seem  to  affect  the  diagnostic 
accuracy  of  protected  specimen  brush  or  bronchoalveolar 
lavage.  Future  studies  should  define  patient  populations 
more  carefullv.  particularly  with  respect  to  the  onset  of 
antimicrobial  therapy.  It  is  possible  that  the  variability  of 
application  of  inv  asive  testing  would  diminish  and  the  test 
characteristics  would  improve  if  this  approach  were  stan- 
dardized. A  gold  standard  has  not  been  defined,  but  should 
be,  since  autopsy  studies  and  studies  of  lung  tissue  ob- 
tained by  biopsy  are  impractical  in  clinical  care.  The  only 
randomized  prospective  clinical  trial  ciimparing  invasive 
techniques  and  noniin  asive  quantitative  techniques  in  VAP 
patients  found  that  invasive  techniques  led  to  more  fre- 
quent changes  in  antibiiitic  therapy,  though  this  did  not 
change  the  mortality  rate.-'' 

Formal  outcome  research  with  randomized  controlled 
trials  are  needed  to  assess  the  various  diai;nt)siic  and  an- 


tibiotic maiiagemeiu  strategies  commonlv  cmpluved  lor 
VAP.  In  atitlition,  these  trials  should  include  collection  of 
pertinent  data  to  evaluate  economic  outcomes  using  cost- 
bcnelit,  cost-effectiveness,  and  cost-utilitv  analyses. 

Evidence-Based  Medicine  Analyses  of  Measures 
Ihoufihl  to  Reduce  the  Incidence  of 
Ventilator- Associated  Pneumonia 

Noninvasive  positive  pressure  ventilation  is  a  safe  and 
effective  means  of  improving  gas  exchange  in  many  pa- 
tients with  various  types  of  acute  respiratorv  failure.  Pa- 
tients with  acute  exacerbations  of  chronic  obstructive  pul- 
monary disease  and  hypercapiiic  respirattirv  failure  often 
respond  to  noninvasive  ventilatit)n  with  decreased  need  for 
intubation  and  reduced  nmrtality. -**•-'  Similarlv.  noninva- 
sive continuous  positive  airwav  pressure  was  effective  in 
some  patients  with  cardiogenic  pulmonary  edema,  partic- 
ularly those  with  hypercapnia.  In  patients  with  varit)us 
forms  of  acute  hypoxemic  respiratorv  failure  (eg.  pneu- 
monia, congestive  heart  failure,  or  chest-wall  impairment), 
this  therapy  slightly  decreased  the  rate  of  intubation  and 
improved  survival,  but  the  effect  was  not  statisticallv  sig- 
nificant.'" The  efficacy  of  positive  pressure  ventilation  in 
patients  with  hypoxemic  respiratory  failure  has  also  been 
siiown."  '■-  In  addition  to  affecting  mortality,  noninvasive 
ventilation  reduces  the  incidence  of  VAP,  probably  by 
maintaining  laryngeal  competence  and  decreasing  aspira- 
tion of  infectious  secretions. 

Rccoiiiiiionlaiion.  IfcUnlcidIx  appropriale.  noninvasive 
ventilation  should  he  preferentially  employed  over  intuba- 
tion and  niechanieal  ventilation.  This  is  a  Grade  B  rec- 
ommendation based  on  several  prospective  randomized 
studies  that  found  improved  survival  and  a  lower  risk  of 
VAP.  as  mentioned  above. 

To  help  prevent  VAP,  clinicians  caring  lor  mechani- 
cally ventilated  patients  should  develop  and  participate  in 
programs  aimed  at  VAP  prevention.  Such  programs  are 
part  of  a  more  general  effort  directed  at  preventing  noso- 
comial infections,  a  cornerstone  of  which  is  effective  hand 
washing."  Two  of  the  most  important  components  of  this 
approach  are  the  presence  of  a  dedicated  person  or  group 
that  takes  ownership  of  the  process  and  a  mechanism  for 
tracking  rales  of  niisocomial  infection,  distribution  of  sur- 
veillance infection  data,  and  dev  elopment  of  plans  for  deal- 
ing with  improvement.  Clinician  participation  in  changes 
is  essential  to  successfully  change  outcomes.  The  success 
of  such  an  approach  is  rellected  in  reduced  morbiditv, 
mortality,  and  costs. 

Reeonunendation.  An  identified,  dedieated  person  or 
^roup  should  have  responsibility  for  numitoring  nosoeo- 
inial  V.M'  rates.  .A  nnilti-di.sciplinary  group,  including  a 
respiratory  therapist,  siiould  have  authority  for  oversight 
of  the  local  proces.ws  aimed  at  preventing  nosocomial 
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infection,  incliulinii  \'.\l'.  This  is  a  (Inulc  B  recommenda- 
tion."'^ 

The  developmenl  of  VAP  is  intkiciKCi.1  h\  nian\  ot  the 
mechanical  interventions  that  occur  frequently  in  the  crit- 
ically ill  patient.  Recent  reviews  of  the  presumed  etiologv 
of  VAP  suggest  several  areas  for  active  research.""  The 
use  of  noninvasive  mechanical  ventilation  to  avoid  endo- 
tracheal intubation  is  associated  with  a  substantially  re- 
duced incidence  o\  \AP.  Changing  of  ventilator  circuits 
was  once  thought  to  reduce  the  infection  risk  by  removing 
the  reser\oir  of  organisms  that  rapidl\  accumulate,  thus 
preventing  aspiration  of  that  polcniialls  iiifcclious  pool.'^ 
That  idea  lias  been  discredited  b\  a  host  ot  stuilics  sug- 
gesting that  circuits  need  ne\er  be  changed  unless  the\ 
become  liamaged.  visually  contaminated,  or  obviousi\ 
soiled.  In  some  studies  it  appears  that  scheduled,  frequent 
circuit  changes  may  actually  increase  the  incidence  ot 
VAP.'"'"  CuiTcnt  Centers  for  Disease  Control  guidelines 
suggest  a  lengthened  time  between  circuit  changes  to  pre- 
vent V.^P.  the  recommendation  being  that  changes  occur 
no  more  frequently  than  e\ery  48  hours.-"' 

Recommendation.  Ventilator  circuits  need  not  lie 
changed  until  they  become  nonfunctional  or  grossly  con- 
taminated with  blood  or  secretions.  Changes  more  fre- 
quently than  every  7  days  may  be  associated  with  increased 
incidence  of  VAP.  This  is  a  Grade  B  recommendation. 

Adequate  humidification  of  inhaled  gases  is  required  to 
maintain  mucociliary  function  during  mechanical  ventila- 
tion. There  are  a  variety  of  ways  to  achieve  adequate  in- 
haled humidity.  Heat  and  moisture  exchangers  (HMEs) 
can  be  manufactured  to  serve  as  bacterial  filters.  The  effect 
of  HMEs  on  the  rate  of  VAP  has  been  investigated.  In  a 
study  of  280  patients,  comparing  daily  HME  changes  to 
use  of  a  heated-wire  circuit,  a  low  \'.\P  rate  during  pro- 
longed intubation  was  observed.-"  The  HME  groLip's 
nosocomial  VAP  late  was  69f.  compared  to  16'f  for  the 
heated-wire  group,  and  total  ventilator  circuit  costs  (per 
group)  were  lower  in  the  HME  group.  There  was  no  dif- 
ference iii-iean  r  SD)  in  duration  of  ventilation  whether 
the  patient  did  not  deveU)p  pneumonia  or  whether  the  pa- 
tient developed  an  early-onset  communitv -acquired  pneu- 
monia or  a  late-onset  hospital-acquired  pneumonia.  How- 
ever, total  ICU  days  were  lower  in  the  HME  group.  In 
addition,  the  incidence  of  partial  ETT  occlusion  was  not 
significantlv  different  between  the  groups  (8'7r  for  the  heat- 
ed-wire group  vs  b'7(  for  the  HME  group).  The  single 
complete  ETT  obstruction  that  occurred  in  ihe  study  was 
in  the  heated-wire  group. 

Recommendation.  Heat  and  moisture  exchangers  with 
bacterial  filtering  capability  are  an  effective  strategy  to 
reduce  the  incidence  of  VAP.  compared  to  heated-wire 
circuits  and  heated  humidifiers.  This  a  Grade  D  recom- 
mendation. 


In  addition  to  the  study  described  above,  several  other 
case  series  have  reported  either  the  same  or  lower  VAP 
incidence  with  HME  (filter)  than  with  heated  humidifiers 
or  heated-wire  circuits.'-  '"^  HMEs  probably  reduce  the 
aspirated  pools  of  contaminated  liquid  that  often  collects 
in  the  ventilator  circuit.  However,  the  appropriate  clinical 
use  of  these  devices,  including  changing  frequencies,  has 
not  been  definitively  deteniiined.  They  must  be  used  with 
caution  in  patients  with  copious  or  thick  secretions,  poor 
respiratorv  muscle  reserve,  or  severe  airway  obstructive  dis- 
ease, as  the  incidence  of  ETT  (Kclusion  may  be  higher.-"' 

Investigators  have  suggested  that  secretions  that  pool 
below  the  laryn,\  and  above  the  infiated  ETT  cuff  may  be 
a  source  of  aspirated  contaminated  material  and  proxi- 
mately contribute  to  the  development  of  VAP.  Endotra- 
ciieal  tubes  with  a  separate  lumen  above  the  cuff  to  suction 
pooled  secretions  from  the  subglottic  space  are  now  avail- 
able (Hi-Lo  Evac  tube.  Mallinckrodt,  Pleasanton.  Califor- 
nia). Use  of  these  tubes  w  ith  continuous  suction  is  asso- 
ciated with  a  reduced  incidence  and  later  onset  of  V  AP.-*''-'" 
The  clinical  utility  of  these  specialized  ETTs  has  not  been 
established,  but  their  use  may  be  an  effective  component 
to  an  organized  approach  to  preventing  VAP.  .An  illustra- 
tion of  the  use  of  the  published  studies  of  this  dev  ice  in 
everyday  clinical  care  was  recentlv  published.^'  A  recent 
EBM  analysis  estimated  that  7  patients  requiring  prolonged 
intubation  for  respiratory  failure  must  receive  this  tube  to 
prevent  1  case  of  VAP."^-  These  tubes  should  not  be  used 
in  place  of  the  other  effective  strategies  and  are  probably 
cost-effectively  used  in  patients  expected  to  require  at  least 
5  days  of  intubation.  There  appears  to  be  an  increased  risk 
of  VAP  in  patients  requiring  reintubation  for  respiratory 
failure  following  weaning  and  extubation.-'^'-'^-'  It  is  not 
clear  if  the  same  increased  risk  exists  in  patients  during 
elective  tube  changes  or  if  this  risk  is  due  to  aspiration  or 
other  factors  occuiring  during  the  time  the  tube  is  out. 
prior  to  reintubation.  This  issue  is  important  if  a  clinician 
is  considering  reintubation  with  this  specialized  tube  to 
reduce  VAP  in  patients  intubated  for  s  5  days.  A  protocol 
for  obtaining  an  answer  to  this  question  has  been  pro- 
posed.^^ 

Closed-sysieni  suction  catheters  have  been  used  lo  limit 
circuit  violations  in  patients  undergoing  prolonged  intuba- 
tion.^'' Their  use  does  not  seem  to  affect  the  incidence  of 
VAP.'*''^'*  The  selective  digestive  tract  decontamination 
strategy  suggested  by  Stoutenbeek  et  al  has  been  subjected 
to  multiple  meta-analyses.^"  Most  of  these  have  failed  to 
show  mortality  benefit  but  have  indicated  a  moderate  re- 
duction in  VAP.''"  '"'  A  recent  update  of  the  Cochrane 
Database  of  Systematic  Reviews  from  the  .Acute  Respira- 
tory Infections  Group  suggests  that  in  intubated  patients 
the  use  of  selective  digestive  decontamination  combined 
with  prophvlactic  systemic  antibiotic  treatment  is  associ- 
ated w nil  less  VAP  and  lower  mortality  than  is  systemic 
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aniihiDlK-  liL\iliik-iil  uliinc.  riic  iniL'siinii  ol  tlcxclnpiiK'nl  ol 
niKiobial  resistance  was  luu  atklicsscd  In  llial  CMilenee- 
hasetl  re\  iew .''' 

RcvonumnddlidU.  Selective  ctit^csrive  deciinhiniiniilKin 
In  conJKih  lion  witli  proplniaciie  sxslcmie  (inlihiotic  Ireal- 
lucnl  slunild  he  used  in  lu^h-risk  palienls  to  reduce  nos- 
ocomial injection  risk.  This  is  a  Grade  C  recommeiKlalion 
based  i)n  the  results  of  se\erai  HBM  re\  ievvs.''^  "■ 

Overall.  33  trials  iinoiving  5.727  people  were  iiielikletl 
in  the  Cochrane  rc\iev\.  There  was  wide  \anahility  in  the 
antibiotics  used,  patient  characteristics,  and  risk  of  respi- 
rators tract  infections  and  mortality  in  the  control  groups, 
in  Id  tiials  (inviiKiiiL'  3.361  patienlsi  that  tested  a  com- 
bination ol  topical  and  systemic  antibiotic,  the  average 
rates  of  lespiratory  tract  infections  anti  deaths  in  the  con- 
trol group  were  36'^  and  30%.  respectively.  There  was  a 
signitlcant  reduction  of  both  respiratory  tract  infections 
(odds  ratio  0.3.^.  '■)5'<  confidence  interval  |CI|  0. 29-0.4 1  I 
and  total  mortality  (odds  ratio  0.80,  95%  CI  0.69-0.93)  in 
the  treated  group.  On  average.  5  patients  needed  to  be 
treated  to  present  I  infection  and  23  patients  to  prevent  I 
death.  In  17  trials  (iinoKing  2.366  patients)  that  tested 
tt)pical  antimicrobial  agents  alone,  the  rates  of  respiratory 
tract  infections  and  deaths  in  the  control  groups  were  28% 
and  26%,  respectively.  There  were  significantly  fewer  re- 
spiratory tract  infections  (odds  ratio  0.56.  95%  CI  0.46- 
0.68).  but  total  mortality  was  not  different  (t)dds  ratio  1.01. 
95%  CI  0.84-1.22)  m  the  treated  group. 

From  this  re\  iew.  it  can  be  concluded  that  a  combina- 
tion of  topical  and  systemic  prophylactic  aniibit)tics  can 
reduce  respiratory  tract  infections  and  overall  mortality  in 
adult  patients  receiving  intensive  care.  The  design  of  the 
trials  included  in  this  systematic  review  does  not  allow  one 
to  assess  whether  the  treatment  leads  to  antimicrobial  re- 
sistance. 

Semirecumbent  positiiming  of  patients  lecening  me- 
chanical ventilation  is  suggested  as  a  method  of  reducing 
VAP:  this  effect  is  presumed  to  be  due  to  the  reduced 
incidence  of  aspiration  of  oral-gastric  secretions.'''^  One 
randomi/ed  trial  of  using  semirecumbent  body  positioning 
in  intubated  anil  mechanically  ventilated  patients  found  a 
lower  incidence  of  nosocomial  pneumonia.''"  The  study 
was  stopped  early  (after  only  90  patients  were  studied) 
when  interim  analysis  showed  that  the  semirecumbent  po- 
sition was  clearly  superior.  Fewer  patients  in  the  semire- 
cumbent group  developed  clinically  suspected  (p  =  0.003 ) 
or  microbiologically  confirmed  (p  =  0.018)  nosocomial 
pneumonia  than  in  the  supine  group.  The  groups  did  not 
differ,  however,  in  mortality  (18%  in  the  semirecumbent 
group  vs  28%  in  the  supine  group,  p  =  0.3).  The  major 
difference  was  seen  in  patients  receiving  enteric  feeding. 
Others  have  shown  increased  reflux  and  aspiration  of  la 
dioactive  markers  placed  in  the  stomach  in  patients  treated 
supine  compared  to  semirecumbent.""   ' 


Iracheotomy  aiul  \ intilator-Associated  Pneumonia 

Though  there  is  a  beliel  that  tracheotomy  may  protect 
against  de\elopment  of  VAl'.  no  definitive  study  has  sup- 
ported that  belief.  The  advantages  of  tracheotomy  include 
security  of  the  airway,  belter  airway  patency,  lower  resis- 
tance to  breathing,  easier  suctioning,  increased  patient  com- 
lort.  less  laryngeal  damage  and  dysfunction,  and  more 
rapid  weaning.  However,  the  effect  on  VAP  is  undeter- 
mined. 

Other  Management  Measures  Influencing 
Ventilator- Associated  Pneumonia 

Many  other  airv\ay  interventions  and  management  tech- 
niques are  believed  by  some  to  be  important  in  increasing 
or  decreasing  the  incidence  of  VAP.  Use  of  continually 
moving  (kinetic)  beds  has  some  support.  The  major  impact 
of  these  de\  ices  is  on  development  of  pressure  necrosis; 
however,  a  positive  but  moderate  impact  on  pulmonary 
secretion  clearance  is  suggested,  f^uir  studies  show  a  trend 
toward  lower  VAP  rates  in  patients  receiving  kinetic  bed 
treatment. ■'--^^  In  one  trial,  the  VAP  rate  was  significantly 
reduced,  suggesting  that  4  patients  would  need  to  be  nursed 
on  a  kinetic  bed  (rather  than  a  standard  bed)  to  prevent  I 
episode  of  VAP. ^^  Patient  discomfort  but  not  physiologic 
instability  resulted  in  the  withdrawal  of  some  patients  in 
those  trials. 

Other  suggestions  to  reduce  the  incidence  of  VAP  are  of 
unproven  efficacy:  these  include  provision  of  immune- 
enhancing  nutrition,  use  of  oral  rather  than  nasal  ETT,  pre- 
vention  of  gastiic  distention,  maintenance  of  adequate  ETT 
cuff  pressure,  controlled  rather  than  spontaneous  ventila- 
tion, use  of  disposable  airw  ay  devices,  inhaled  prophylactic 
antibiotics,  and  antibiotic  rotation.  Much  remains  to  be  de- 
termined about  control  of  this  common  clinical  problem. 

Timing  of  Tracheotomy 

Tracheotomy  is  a  frequently-performed  airway  proce- 
dure in  the  critically  ill.  The  benefits  attributed  to  trache- 
otomy for  long-term  airway  management  are  improved 
patient  comfoil;  increased  airway  security:  lower  resis- 
tance to  gas  mo\  ement.  improved  opportunities  for  eating 
and  speaking:  more  rapid  weaning  from  mechanical  ven- 
tilation: lower  incitlence  of  VAP:  fewer  oral,  nasal,  and 
laryngeal  complications:  and  better  ability  to  suction  lower 
airway  secretions.  Though  the  acute  risks  of  the  procedure 
are  well-known,  long-term  effects,  especially  when  em- 
ploying newer  methods  for  tracheotomy,  are  yet  to  be 
adequately  quantitied.  In  tact,  there  are  very  little  quality 
data  available  establishing  the  benefits  listed  above.  The 
decision  to  perform  a  tracheotomy  for  prolonged  airvvav 
support  involves  a  clinical  decision  that  the  risks  of  per- 
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torming  a  tracheotomy  outweigh  those  of  continued  irans- 
laivniical  intubation.  Conventionally,  patients  requiring  in- 
tubation lor  -•  .^  weeivs  are  eonsiilcreii  canJidaies  tor 
liacheotoni)  (lliis  is  a  Gnutc  /■.' rei.i)iiiineinlain>n  I.  Ik-cause 
the  long-term  air\\a>  risks  ol  traclieoioni\  arc  |irohabl\ 
increased  b\  a  preceding  piDJonged  translarsngeal  intuba- 
tion, tracheiitonn  should  be  pert'ornied  as  soon  as  the  long- 
lerni  neeil  can  he  determined. 

The  presumeil  salclx  of  an  estabiishctl  surgical  auvvay  is 
based  on  ihc  Ivhct  that,  should  the  airway  become  dis- 
lodged or  occluded.  caregi\ers  with  minimal  airway  skills 
can  easily  maintain  or  replace  it.  This  has  led  to  the  prac- 
tice of  early  ICU  discharge  following  tracheotomy.  This 
practice  sa\es  institutional  resources  and  frees  up  ICU 
beds.  The  beneficial  impact  on  an  indi\  idual  patient  is  less 
ob\ious.  Though  patency  of  an  established  tracheostomy 
stoma  is  excellent,  at  least  7-10  days  are  required  for  the 
stoma  to  mature.  Should  the  tracheostomy  lube  become 
displaced  in  the  first  24-72  hours,  successful  blind  re- 
placement is  difficult  or  impossible.  Patient  morbidit>  and 
morlalitN  are  likch  should  this  mad\ertent  decannulation 
occur  in  a  place  where  airway  expertise  is  not  immediately 
a\ailable.  No  data  are  reported  to  establish  the  magnitude 
of  that  risk. 

Recoinniciulatiou.  Tnichcdioiuy  shotihl  he  considered  In 
any  patient  expected  to  requiie  prolont^ed  ainvay  support 
and  who  is  expected  to  henejit  from  its  placement.  This  is 
a  Grade  E  recommendation  based  entirely  on  case  reports, 
case  series,  and  uncontrolled  comparisons.  It  is  supported 
by  the  obser\  ations  that  complications  from  the  procedure 
appear  to  be  acceptable  in  adults  and  that  mortality  attrib- 
utable to  the  procedure  is  rare.  The  o\erall  risk  of  death 
from  all  causes  in  patients  subjected  to  tracheotom\  is  on 
the  order  of  10-30%,  justifying  the  0.5-2%  reported  death 
rate  from  the  procedure. 

Recommendation.  Traclieotomy  sliould  l)c  performed  crs 
.soon  as  possible  after  the  need  for  prolont^ed  intidmtion 
can  be  identified,  based  on  the  disease  process  and  patient 
wishes.  This  is  often  within  7  days  of  onset  of  respiratory 
failure  and  maybe  sooner  in  the  neurohgically  impaired 
patient.'"'-'"'  This  is  a  Grade  C  recommendation. 

The  balance  between  risk  and  benefit  of  early  tracheot- 
omy is  difficult  to  determine  in  critically  ill  patients  re- 
quiring artificial  airway  support.  Based  on  an  earlier  con- 
sensus conference,  tracheotomy  was  recommended  to  be 
considered  around  day  10  if  intubation  could  reasonabh 
be  expected  to  be  needed  for  at  least  ?<  weeks. ^''  With  the 
advent  of  safer  and  more  efficient  techniques,  such  as 
bedside  percutaneous  dilation  tracheotomy,  more  series 
with  early  tracheotomies  ha\e  been  reported.  Though  the 
immediate  risks  of  tracheotomy  are  \sell  established  aiul 
not  overwhelming,  the  risk  of  long-term  complications 
from  tracheotomy  are  more  difficult  to  assess.  This  is  be- 
cause it  is  not  possible  to  blind  iinestigators  to  treatment 


groups,  and  because  the  long-term  complications  from  tra- 
cheotomy are  really  from  translaryngeal  intubation  fol- 
lowed by  tracheotomy.  Because  of  clinical  uncertainty,  it 
is  unlikely  that  a  randomized  study  of  tracheotomy  with- 
out prior  translaryngeal  intubation  (versus  either  trans- 
laryngeal intubation  alone  or  translaryngeal  intubation  fol- 
lowed by  tracheotomy)  will  ever  be  performed.  The 
recoinmendation  of  early  versus  later  tracheotomy  is  sup- 
ported by  several  studies  indicating  essentially  no  differ- 
ence in  relevant  outcomes,  in  a  prospective  trial  that  was 
based  on  patient  treatment  grouping  by  odd-even  admis- 
sion days,  Rodriguez  et  al  noted  a  significantly  lower  fre- 
quency of  pneumonia  and  shorter  duration  of  mechanical 
ventilation,  ICU  stay,  and  hospital  length  of  stay  in  pa- 
tients who  underwent  tracheotomy  within  7  days  of  intu- 
bation than  in  those  who  underwent  tracheotomy  later  than 
10  days.**"  However,  this  "pseudo-randomization"  tech- 
nique creates  potential  bias,  since  the  investigator  knows 
at  the  time  of  admission  which  group  the  patient  will  enter. 
This  prior  knowledge  can  alter  treatment  decisions  and 
affect  data  analysis.  A  larger  study  by  Sugerman  et  al 
failed  to  confirm  the  benefits  in  another  group  of  trauma 
patients.*"  In  that  study,  randomized  groups  of  patients 
underwent  tracheotomy  between  days  3  and  5.  10  and  14, 
or  never  (continued  translaryngeal  intubation).  There  was 
no  difference  in  any  important  outcome  variable.  In  the 
few  patients  who  were  seen  months  following  recovery, 
there  was  no  difference  in  laryngeal  or  tracheal  complica- 
tions between  treatment  groups.  Unfortunately,  only  a  small 
percentage  of  the  enrolled  patients  actually  completed  the 
protocol;  thus,  from  that  study  no  strong  conclusions  can 
be  drawn. 

The  available  data  are  inadequate  to  support  an\  strong 
recommendation  on  the  appropriate  time  to  perform  a  tra- 
cheotomy. The  procedure  should  be  considered  by  balanc- 
ing the  expected  benefits  to  the  individual  patient  against 
the  known  risks.  The  risks  of  not  performing  a  tracheot- 
omy in  patients  requiring  prolonged  intubation  ha\e  not 
been  systematically  investigated  and  are  probably  quite 
substantial. 

Percutaneous  Tracheotomy 

Open  surgical  tracheotomy  (ST)  is  a  time-established 
procedure.  Believed  to  have  been  performed  in  ancient 
Egypt,  ST  became  an  established  procedure  for  upper  air- 
way obstruction  secondary  to  a  foreign  body,  trauma,  or 
infection  (diphtheria  and  croup)  by  the  middle  of  the  19th 
century.  A  relatively  new.  minimalK  invasive  procedure 
for  placement  of  a  tracheostomy  tube  was  described  by 
Cialgia  ill  1 985.'*-  The  ease  and  apparent  safety  of  this 
technique  has  led  to  the  widespread  use  of  percutaneous 
dilatational  tracheotomy  (PT)  in  critically  ill  patients.  Be- 
lie\ed  ad\antai;es  of  PT  include  a  smaller  skin  incision 
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and  less  tissue  disseelioii.  le.aliny  to  less  tissue  tiatiiiia. 
This  may  lead  lo  less  hemorrhage,  fewer  inteetions.  fewer 
long-term  traeheal  problems,  and  a  better  eosmetic  result. 
Because  the  stoma  is  smaller,  the  PT  tube  may  be  less 
likely  to  become  accidentally  displaced.  A  major  advan- 
tage of  PT  is  that  it  can  easily  be  performed  at  the  bedside, 
decreasing  the  risk  and  cost  of  patient  transportation  lo  the 
operating  room.  PT  is  also  less  costly  because  fewer  peo- 
ple are  in\\)lved.  less  equipment  is  used,  and  PT  can  be 
performed  sooner  after  the  decision  to  obtain  a  surgical 
airway  is  made.  At  the  bedside.  PT  consumes  none  of  the 
often  limited  operating  room  resources.  Unlike  ST.  a  va- 
nei\  ol  clinical  specialists  perform  PT."'-'^-' 

Several  studies  have  looked  at  the  complications  and 
advantages  of  PT  compared  to  ST.*^^  '^^  but  all  of  those 
studies  suffered  from  methodological  faults.  Obviously, 
blinding  is  difficult.  Only  a  few  studies  are  randomized 
and  compare  bedside  ST  to  PT.'*'^  **''  In  general,  it  appears 
that  the  early  complications  (including  minor  bleeding, 
airway  loss,  and  misplacement  of  the  tracheostt)my  lube) 
are  more  common  w  ith  PT.  whereas  stomal  infection,  late 
bleeding,  and  scar  formation  are  more  frequent  with  ST. 
Head-lo-head  comparisons  include  only  a  small  number  of 
patients,  but  cost  and  efficiency  are  major  advantages  of 
the  PT  technique. 

Serious  complications,  although  rare,  may  be  more 
common  with  PT.'^"  A  recent  meta-analysis  identified 
that  posterior  tracheal  wall  injury  appears  to  be  a  PT- 
specific  problem  that  involves  substantial  morbidity.'" 
Use  of  bronchoscopy  to  more  accurately  identify  the 
position  of  entry  into  the  airway  may  also  reduce  the 
likelihood  of  tracheal  injury.  A  large  meta-analysis  con- 
firmed that  PT  is  a  faster  procedure  ( 1 1.7  vs  26.9  min).  In 
that  review,  a  large  number  of  the  PT  procedures  were 
perfiiimed  in  the  ICU.  confirming  that  the  procedure  can 
be  performed  safely  at  the  bedside.  In  that  analysis  it  was 
noted  that  ST  has  been  performed  at  the  bedside  since 
1962"-  and  was  done  in  the  ICU  in  66'^f  of  the  cases  of  ST 
included  in  the  re\  iew  during  the  period  between  1985  and 
1996.  The  location  of  ilie  operation  (ICU  \s  operating 
room)  remains  largely  a  matter  of  personal  choice  and 
institutional  resource  allocation.  As  w  ith  other  reports,  the 
comparison  of  PT  to  ST  clearly  indicates  that  the  fre- 
quency of  most  complications  is  lower  w  ith  PT.  The  com- 
parison with  ST  data  from  the  distant  past  may  be  unfaii 
because  of  the  advances  in  general  medical  care  and  in  the 
design  of  tracheostomy  tubes  and  cuffs.  ST.  as  with  Pf. 
performed  during  the  recent  past  (1985  to  1996)  is  asso- 
ciated with  lower  rates  of  [jerioperative  complications. 

In  comparing  PT  to  ST  performed  during  the  same  time 
period  (198.^  to  I9M6).  ditferenccs  in  complication  rates 
are  less  obviiius.  This  report  suggests  that  |KMiopcrati\'e 
complications  arc  more  frequent  with  PT.  whereas  post- 
operative complications  still  occur  more  often  with  ST. 


Most  ol  the  (.iilfcrence  is  in  complications  that  are  classi- 
fied as  minor.  The  tight  fit  ol  the  tracheostomy  cannula  to 
the  surgical  tract  probably  explains  the  difference  in  minor 
postoperative  complications  favoring  the  PT  technique. 
Tamponade  of  small  vessels  reduces  external  hemorrhage, 
and  the  lesser  tissue  dissection  and  exposure  in  the  trache- 
ostomy wound  explains  the  lower  rates  of  wound  infec- 
tions. Therefore,  this  meta-analysis  tends  to  support  claims 
that  PT  causes  less  tissue  trauma,  wound  infection,  and 
bleeding. 

Significant  differences  were  seen  in  operative  moilality 
and  cardiopulmonary  arrest.  It  was  estimated  that  77  pa- 
tients per  10,000  suffered  those  consequences  while  un- 
dergoing PT.  whereas  only  9  patients  per  10.000  experi- 
enced those  outcomes  with  ST.  The  effect  of  the  learning 
cur\e  of  a  new  technique  is  hypothesized  as  one  of  the 
contributing  factors  to  explain  this  difference.  The  tech- 
nique has  a  few  unique  problems,  including  producing  a 
false  passage,  posterior  tracheal  wall  injury,  pneumotho- 
rax, and  tracheoesophageal  fistulas,  all  due  to  the  blind 
nature  of  the  procedure.  Hov\e\er.  ICU  patients,  who  tend 
to  be  included  more  often  in  PT  reports,  probably  have 
inherently  higher  complication  rales.  There  may  be  a  pub- 
lication bias  toward  complications  since  they  are  more 
frequently  seen  in  the  small  series  when  beginning  a  new 
technique. 

Fracture  of  a  tracheal  ring  is  ct)mmon  during  PT.  but  its 
clinical  importance  is  uncertain.  Several  modifications  to 
the  original  technique  ha\e  been  introduced,  including  a 
single  dilator  method  (Ciaglia  Blue  Rhino.  Cook  Critical 
Care.  Bloomington,  Indiana),  a  cutting  dilator  method,  and 
a  method  to  pull  rather  than  push  the  dilator  through  the 
trachea  (Fantoni  Technique"').  Taken  together,  the  above 
factors  make  any  recommendations  regarding  the  role  of 
percutaneous  tracheotom\  a  matter  of  expert  opinion.  Since 
several  different  specialties  claim  that  tracheotomy  is  in 
their  domain,  it  is  not  suiprising  that  opinions  differ  as  to 
how  it  should  be  performed  and  by  whom.  Based  on  the 
few  groups  of  patients  in  w  horn  a  single  service  performed 
both  procedures,  PT  seems  to  be  an  acceptable  alternative 
if  neck  anatomy  and  clinical  stabilit\  are  satisfactory. 

Rccommcndauoii.  In  paiicius  uiili  sitihihie  neck  anat- 
omy, percutaneous  dilaiaiional  tracheotomy  performed  at 
the  bedside  under  hmnclioscopic  control  is  an  acceptable 
technique  for  csiahlishim;  a  lon\>-lerni  ainvay.  This  is  a 
Grade  D  reconinicndaiion  w  hen  the  procedure  is  performed 
by  an  experienced  operator.  .A  stronger  recommendation 
awaits  further  comparative  data. 

Summary 

With  regartl  to  airwav  nuuiagemeni.  our  recommenda- 
tions are: 
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1 .  11  ;i  ilctilinllaioi  is  miiiicdialcls  .i\  aikihlc.  (ipcning  the 
airway  aiul  rcM.-iic  brcaihm!:  should  be  (.lohiNccI  imlil  the 
cartliac  ilnlhm  is  itlcniit'icd  am.)  dcribriilalii)ii  acLDin- 
iMishcd.  This  a  Grade  D  iceomiiK'ndaluni. 

2.  EndoirachL-al  miLibatmii  is  no  bctlcr  than  oilier  airway 
devices  and  B\M  \eiililalioii  diirini:  pre-hospiial  resusci- 
tation of  pediatric  patients  in  neetl  ot  airua>  sii|i|iort.  This 
is  a  Cirade  C  reconiniendation 

3.  The  LMA  should  be  substituted  tor  other  iioniin  asive 
devices  during  initial  emergency  airwav  inaiiaj;emeiit  in 
patients  with  depressetl  air\\a\  reilexes.  This  a  (irade  I) 
recommendation. 

With  regard  to  VAP: 

1.  If  clinicalls  appropriate,  noninvasive  ventilation 
should  be  |iiefeieiitiall\  emplosed  o\er  intubation  and  me- 
chanical \entilation.  This  is  a  Grade  B  recommendation. 

2.  Ventilator  circuits  should  not  be  changed  until  they 
become  nonfunctional  or  grossly  contaminated  w  ith  blood 
or  secretions.  Changes  more  frequentl\  than  every  7  days 
mav  be  associated  with  increased  incidence  of  VAP.  This 
is  a  Grade  B  recommendation. 

3.  Heat  and  moisture  exchangers  with  bacterial  filtering 
capability  are  an  effective  strategy  to  reduce  the  incidence 
of  VAP.  compared  to  heated-wire  circuits  and  heated  hu- 
midifiers. This  a  Grade  C  recommendation. 

4.  Selective  digestive  decontamination  in  conjunction 
with  prophylactic  systemic  antibiotic  treatment  should  be 
used  in  high-risk  patients  to  reduce  nosocomial  infection 
risk.  This  is  a  Grade  C  recomniendation. 

With  regard  to  tracheotomv .  our  recommendations  are; 

1.  Tracheotomy  should  be  considered  in  any  patient 
expected  to  rei|uire  prolonged  airway  support  and  who  is 
expected  to  benefit  from  its  placement.  This  is  a  Grade  E 
recommendation. 

2.  Tracheotomy  should  be  performed  as  soon  as  possi- 
ble after  the  need  for  prolonged  intubation  is  identified. 
This  is  a  Grade  C  recommendation. 

3.  Percutaneous  dilatational  tracheotomy  performed  at 
the  bedside  under  bronchoscopic  control  is  an  acceptable 
technique.  This  is  a  Grade  D  recommendation  when  the 
procedure  is  performeil  bv  an  experienced  operator. 
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Evidence-Based  Comparison  of  Microbial  Culture  Techniques  Used  in 
Diagnosis  and  Treatment  of  Ventilator-Associated  Pneumonia 

As  reported  by  Campbell,  1 5  studies  were  identified  that  evaluated  the  accuracy  of  blinded 
sampling  methods.'  The  studies  were  performed  in  patients  receiving  mechanical  ventilation 
in  various  types  of  intensive  care  units.  Included  were  small  numbers  of  patients  with 
community-acquired  pneumonia  and  who  required  ventilator  support,  as  well  as  a  few 
immunocompromised  patients.  These  studies  investigated  654  episodes  of  pneumonia,  most 
of  which  were  thought  to  be  pneumonia  on  a  clinical  basis.  Of  the  654  episodes,  321  were 
identified  as  pneumonia,  using  various  methods. 

Seven  studies  investigated  blinded  sampling  only  in  patients  with  clinical  evidence  of 
pneumonia.  No  control  subjects  were  included,  or  the  study  was  designed  to  measure 
concordance.  All  of  these  studies  enrolled  patients  who  were  clinically  identified  as  having 
pneumonia.  Also,  a  fiberoptic  bronchoscopy  (FOB)  procedure  was  performed  and  lower 
respiratory  tract  samples  were  collected  using  a  protected  brush.  Bronchoalveolar  lavage 
(BAL)  samples  were  obtained  in  only  a  few  of  these  studies.  Since  these  7  investigations 
made  up  a  substantial  proportion  of  the  available  studies,  the  results  of  the  protected 
specimen-brushing  (PSB)  sampling  obtained  by  FOB  was  selected  as  the  "gold  standard." 
Thus,  the  methodology  is  fairly  standard,  and  was  followed  in  all  studies.  Additionally, 
recovery  of  at  least  one  similar  organism  in  sufficient  bacterial  concentration  by  both  the  PSB 
sampling  method  and  blinded  PSB  (BPSB)  was  required  for  confirmation.  In  5  studies, 
histology  data  were  available  in  at  least  some  patients,  and  in  several  of  those,  cultures  of 
lung  tissue  also  were  obtained.  Unless  otherwise  stated  in  the  report,  sensitivity  and 
specificity  were  determined  using  only  the  findings  from  the  lung  histology  studies.  The 
major  limitations  of  blinded  procedures  were  that  most  were  non-directed  and  rarely  was 
positioning  radiographically  verified.  The  sensitivity  and  specificity  for  each  study  varied  and 
were  probably  dependent  on  prior  antibiotic  treatment,  study  population,  and  reference  test 
employed. 

The  conclusions  were: 

•  There  was  a  lack  of  standardization  in  the  type  of  catheter  used,  position  of  the  catheter, 
and,  in  the  case  of  BAL,  the  volume  of  fluid  instilled. 

•  The  limited  number  of  studies  performed  to  date  suggests  that  the  sensitivity  of  blinded 
techniques  is  similar  to  that  of  FOB  techniques,  ranging  from  74  to  97%  for  blinded 
bronchial  sampling  (BBS),  from  63  to  100%  for  mini-BAL,  and  from  58  to  86%  for 
BPSB.  The  specificity  of  the  blinded  techniques  is  also  similar  to  that  of  FOB  techniques, 
ranging  from  74  to  100%  for  BBS,  from  66  to  96%  for  mini-BAL,  and  from  71  to  100% 
for  BPSB. 

•  Adverse  effects  of  blinded  techniques  appear  to  be  minimal  and,  at  worst,  are  similar  to 
those  of  FOB-directed  diagnostic  techniques. 


1    Campbell  GD  Jr  Blinded  invasive  diagnostic  procedures  in  ventilator-associated  pneumonia  Chest  2000;!  17(4  Suppl 
2):207S-211S. 
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Summarv  of  Findings  from  Reports  Used  in  the  Evidence-Based  Medicine  Analysis 
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E 

B 

Pgpgljtipn 

T«h 

Control 

Gaussorsues  P.  Pipcmo  D.  Bachmann  P.  Boyer  F.  Jean  G,  Gerard  M.  Lcger  P.  Robert  D 
Comparison  of  nonbronchoscopic  bronchoalvcolar  lavage  to  open  lung  biopsy  for  the  bacteriologic 
diagnosis  of  pulmonary  infections  in  mechanically  ventilated  patients  Intensive  Care  Med 
1989.15(2)94-98 

Yes 

Yes 

NA 

mini- 
BAi. 

Histology 

89 

75 

Papazian  L.  Martin  C.  Albancsc  J,  Saux  P,  Charrel  J,  Gouin  F  Comparison  of  two  methods  of 
bactenologic  sampling  of  the  lower  respiratory  tract  a  study  in  ventilated  patients  with  nosocomial 
bronchopneumonia  Cnt  Care  Med  1989,17(5)  461-464 

Yes 

No 

Vent  =  20  d, 
mixed 

BBS 

Clinical  + 
FOB-PSB 

97 

100 

Rouby  11.  Rossignon  MD,  Nicolas  MH,  Martin  dc  Lassalc  E,  Cristin  S.  Grosser  J,  Viars  P  A 
prospective  study  of  protected  bronchoalvcolar  lavage  in  the  diagnosis  of  nosocomial  pneumonia 
Anesthesiology  1989.71(5)679-685 
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Yes 

Vem  >  48  h, 
SICU 

mini- 
BAL 

Clinical 
(control) 
Histologic 
(pneumonia) 

80 

66 

Tones  A.  Puig  de  la  Bellacasa  J,  Xaubet  A.  Gonzalez  J.  Rodnguez-Roisin  R,  Jimenez  de  Anta  MT. 
Agusii  Vidal  A  Diagnostic  value  of  quantitative  cultures  of  bronchoalvcolar  lavage  and  telescoping 
plugged  catheters  in  mechanically  ventilated  patients  with  bactenal  pneumonia  Am  Rev  Respir  Dis 
1989;140(2)  306-310 

Yes 

No 

Vent  ^  24  h, 
mixed  ICU 

BPSB 

Climcal  - 
FOB-PSB 

58 

85 

Pham  LH.  Bran-Buisson  C,  Legrand  P,  Rauss  A.  Verra  F,  Brochard  L.  Lemaire  F  Diagnosis  of 
nosocomial  pneumonia  in  mechanically  ventilated  patients  Companson  of  a  plugged  telescoping 
catheter  with  the  protected  specimen  brush  Am  Rev  Respir  Dis  1991,143(5  Pt  1)  1055-1061 

Yes 

No 

Vent  >  24  h, 
SICU 

BBS 

Clinical  - 
FOB-PSB 

80 

74 

Pugin  J,  Auckenlhaler  R,  Mill  N,  Janssens  JP,  Lew  PD,  Suter  PM  Diagnosis  of  ventilator- 
associated  pneumonia  by  bactenologic  analysis  of  bronchoscope  and  nonbronchoscopic  "blind" 
bronchoalvcolar  lavage  fluid  Am  Rev  Respir  Dis  1991,143(5  Pt  1)  1121-1129 

Yes 

No 

Vent  >  72  h, 
SICU 

mini- 
BAL 

' 

73 

96 

Lcal-Noval  SR,  Alfaro-Rodriguez  E,  Murillo-Cabeza  F,  Gamacho-Montero  J,  Rey-Perez  J,  Munoz- 
Sanchez  MA    Diagnostic  value  of  the  blind  brush  in  mechanically  ventilated  patients  with 
nosocomial  pneumonia  Intensive  Care  Med  1992:18(7)410-414, 

Yes 

No 

Vent  >  72  h, 
mixed  ICU 

BPSB 

Clinical  " 
FOB-PSB 

71 

92 

Middleton  R,  Broughton  WA,  Kirkpatrick  MB  Comparison  of  four  methods  for  assessing  airway 
baclenology  in  intubated,  mechanically  ventilated  patients  Am  J  Med  Sci  1992,304(4):239-245 

Yes 

No 

Vent  =  1- 
30  d 

BPSB 

Clinical  -^ 
FOB-PSB 

75 

71 

Rouby  JJ,  Martin  De  Lassale  E.  Poete  P.  Nicolas  MH,  Bodin  L,  Jarlier  V,  Le  Charpentier  Y, 
Grossel  J,  Viars  P  Nosocomial  bronchopneumonia  in  the  cntically  ill  Histologic  and  bacteriologic 
aspects  Am  Rev  Respir  Dis  1992,146(4)  1059-1066 

Yes 

No 

Vent  >  48  h, 
SICU 

mmi- 
BAL 

Autopsy 
histology 

70 

69 

ACoun  CH,  Garrard  CS,  Crook  D,  Bowler  1,  Conlon  C,  Peto  T,  Anderson  E  Microbiological  lung 
surveillance  in  mechanically  ventilated  patients,  using  non-directed  bronchial  lavage  and 
quamilative  culture  Q  J  Med  1993,86(10)635-648 

Yes 

No 

Vent  >  24  h, 
mixed  ICU 

mini- 
BAL 

Clinical 

63 

92 

Jorda  R,  Panas  F,  Ibancz  J,  Rcma  J.  Bcrgada  J,  Raurich  JM  Diagnosis  of  nosocomial  pneumonia  in 
mechanically  ventilated  patients  by  the  blind  protected  telescoping  catheter  Intensive  Care  Med 
1993.19(7)377-382 

Yes 

No 

Vent  >  48  h. 
mixed  ICU 

BBS 

Clinical 

74 

100 

Jorda  R,  Panas  F.  Ibanez  J.  Rema  J.  Bergada  J.  Raurich  JM.  Diagnosis  of  nosocomial  pneumonia  in 
mechanicallv  ventilated  patients  by  the  blind  protected  telescoping  catheter.  Intensive  Care  Med 
1993, 19(7). .377-382. 

Yes 

No 

Vent  >  48  h. 
mixed  ICU 

BPSB 

Clinical 

74 

100 

Papazian  L,  Manin  C,  Menc  B,  Dumon  JF,  Gouin  F  A  reappraisal  of  blind  bronchial  sampling  m 
the  microbiologic  diagnosis  of  nosocomial  bronchopneumonia  A  comparative  study  in  ventilated 
patients  Chest  1993,103(1)236-242 

Yes 

No 

Vent  =  29  d, 
mixed  ICU 

BBS 

Clinical  + 
FOB-PSB 

89 

m 

KoUef  MH.  Bock  KR.  Richards  RD,  Heams  Ml.  The  safety  and  diagnostic  accuracy  of 
minibronchoalveolar  lavage  in  patients  with  suspected  ventilator-associated  pneumonia  Ann  Intern 
Med  1995,122(10)743-748 

Yes 

No 

Vent  >  24  h, 
MICU 

mini- 
BAL 

Clinical  * 
FOB-PSB 

100 

96 

Mank  PE.  Brown  WJ  A  comparison  of  bronchoscopic  vs  blind  protected  specimen  brush  sampling 
in  patients  with  suspected  ventilator-associated  pneumonia.  Chest  ]995,]08(l):203-207. 

Yes 

No 

Vent  >  72  h, 
MICU 

BPSB 

Clinical  * 
FOB-PSB 

86 

85 

Papazian  I.,  Thomas  P,  Garbe  L,  Guignon  1.  Thinon  X,  Chanel  J,  Bollet  C.  Fucntcs  P,  Gouin  F 
Bronchoscopic  or  blind  sampling  techniques  for  the  diagnosis  of  ventilator-associated  pneumonia 
Am  J  Respir  Cnt  Care  Med  1995.152(6  Pt  1)1982-1991 

Yes 

Yes 

Vent  >  72  h. 
MICU 

BBS 

Autopsy 
culture 

83 

80 

Papazian  1.,  Thomas  P,  Garbc  1,.  Guignon  I,  Thinon  X,  Chanel  J,  Bollet  C,  Fuentes  P.  Gouin  F 
Bronchoscopic  or  blind  sampling  techniques  for  the  diagnosis  of  ventilator-associated  pneumonia 
Am  J  Respir  Cm  Care  Med  1995.152(6  Pt  1)  1982-1991 

Yes 

No 

Vent  --  72  h, 
MICU 

mini- 
BAI. 

Autopsy 
culture 

83 

80 

Papazian  L.  Thomas  P,  Garbe  L.  Guignon  1,  Thirion  X.  Chanel  J,  Bollet  C,  Fuenlcs  P,  Gouin  F 
Bronchoscopic  or  blind  sampling  techniques  for  the  diagnosis  of  ventilator-associated  pneumonia 
Am  J  Respir  Cm  Care  Med  1995,152(6  l>t  1  ):1982-1991 

Yes 

No 

Vent  >  72  h. 
MICU 

BBS 

Autopsy 
culture 

83 

80 

P  =  prospective  B  =  blinded  Tech  '  technology  used  in  mal  Sens  =  sensitivity  (%)  Spec  =  specificity  (% 
intensive  care  unit  BBS  =  blinded  bronchial  sampling  SICU  =  surgical  intensive  care  unit  FOB  =  fiberop 
bronchoalvcolar  lavage  BPSB  =  blinded  protected-specimen  brushing 

1  Vent  =  mechanical  ventilation  time  MICU  =  medica 
ic  bronchoscopy  PSB  '  protected  specimen-blushing 
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Discussion 

Rowe:  I  woiidci'  it  sou  would  coni- 
iiiciit  oil  iIk-  issue  of  rapid-sequence 
intuh;ition  \crsus  non-rapid-sequencc 
inlubaiion  technit|ucs  in  the  acute  set- 
ting? 1  know  there's  a  lot  of  great  ev- 
idence on  u  hich  to  base  decisions,  and 
I  wonder  what  \our  thoughts  are  re- 
garding that  approach? 

Durbin:  ihat's  iu>t  one  of  the  top- 
ics 1  chose  to  review,  so  I  can't  tell 
you  what  the  hterature  says,  and  so 
this  is  an  off-the-cuff  answer.  My  opin- 
ion is  that  a  rapid-sequence  intubation 
is  to  prevent  gastric  regurgitation  and 
aspiration  during  the  intubation  pro- 
cess. Anesthesiologists  have  focused 
on  this  problem  over  the  years,  view- 
ing it  as  a  critical  problem  in  the  op- 
erating room,  where  it  is  routinely  used 
in  any  patient  who  hasn't  been  NPO 
[nothing  per  oral  |  long  enough  to  guar- 
antee gastric  emptying,  or  in  patients 
who  have  received  narcotics.  I've  seen 
aspiration  events  under  anesthesia,  but 
they've  never  been  in  patients  who 
were  believed  to  be  at  risk;  they've 
always  been  at  unsuspected  times. 
They've  occurred  during  anesthetic 
inductions  in  patients  who  were  not  at 
aspiration  risk.  1  don't  think  that  I've 
ever  seen  a  patient  regurgitate  who  1 
thought  was  likely  to  do  so  in  my  25 
years  of  experience.  Given  that.  then, 
regurgitation  and  aspiration  on  induc- 
tion of  anesthesia  are  probably  low- 
risk  problems.  1  think  it's  probably 
overestimated  as  a  risk  factor.  How- 
ever, aspiration  is  certainly  one  prob- 
lem you  don't  want  to  have. 

The  real  benefit  of  a  rapid-sequence 
intubation  is  creating  optimal  intubat- 
ing conditions.  With  a  rapid  sequence 
you  use  a  relaxant  drug,  succinylcho- 
line.  which  provides  optimal  intubat- 
ing conditions.  If  you  choose  any  other 
drug,  you  have  less  optimal  intubating 
conditions.  In  unskilled  hands  the 
chance  of  being  successful  at  intubat- 
ing is  less.  Even  in  skilled  hands  the 
chance  of  intubating  is  less  if  any  re- 
laxant other  than  succinylcholine  is 


used,  1  ihiiik  iieuMiimiscular  blocker- 
assisted  intubation  is  a  reasonable  ap- 
proach for  the  uncomplicated  emer- 
gency airway,  with  or  without  a  full 
stomach,  where  you  want  rapid  access 
to  the  airway.  1  think  the  complica- 
tions are  probably  more  likely  with  a 
long-acting  relaxant,  because  5-109^ 
of  patients  will  present  a  difficult  or 
impossible  intubation.  In  that  case 
you'd  like  to  use  a  relaxant  drug  that 
would  wear  off  quickly.  I  think  a  rapid 
sequence  intubation  should  always  in- 
clude succinylcholine. 

However,  there  are  complications 
from  its  use:  triggering  malignant  hy- 
perthermia, causing  rhabdomyolysis, 
elevating  serum  potassium,  or  causing 
cardiac  arrest  in  some  children.  Those 
are  very  rare — much  more  rare  than 
not  being  able  to  intubate  after  the 
relaxant  is  given.  Succinylcholine  will 
improve  the  intubation  success  rate  by 
providing  total  paralysis,  and  if  in- 
tubation is  still  impossible,  the  pa- 
tient will  return  to  spontaneous 
breathing  in  several  minutes.  I  don't 
know  if  that  answers  your  question 
or  not.  1  think  rapid  sequence  intu- 
bation should  be  in  the  armamentar- 
ium of  anyone  providing  airway  sup- 
port, and  the  question  of  what  drug 
to  use  is  the  only  item  up  for  debate. 

Meade:  Based  on  the  evidence  avail- 
able, how  would  you  define  a  patient 
who's  at  high  risk  for  ventilator-asso- 
ciated pneumonia — who  would  be  el- 
igible for  ,SDD  [selective  digestive- 
tract  decontamination|.  and  do  you  use 
it  ill  yiHir  clinical  practice? 

Durbin:  The  criteria  are  very  ex- 
plicit in  the  Cochrane  database,  and 
It's  basically  aiivone  who's  going  to 
be  intubated  and  on  a  ventilator  for  a 
week  or  more.  Duration  of  vcnlilalioii 
is  the  most  inipoitant  risk  factor,  so  if 
you  can  guess  ahead  of  time  that  ihev 
v^ill  need  prolonged  ventilation,  then 
ihev  wouki  benefit  from  SDD.  If 
they've  had  major  trauma,  if  they've 
undergone  gastrointestinal   surgery 


vMth  penloiieal  soilage  or  any  other 
risk  for  prolonged  intubation,  they 
should  be  considered  for  SDD. 

Do  1  routinely  use  SDD?  The  sim- 
ple answer  is  "No."  The  reason  is  that 
I'm  not  the  only  practitioner  in  my 
environment,  and  the  standards  are  set 
by  others.  Do  I  believe  it  should  be 
done?  I  think  some  of  the  answ  ers  to 
that  question  are  in  "What  To  Do."  I 
believe  that  this  is  getting  clearer  from 
analysis  of  the  data. 

One  thing  that  should  be  done  is 
that  all  orifices  need  topical  antibiotic 
treatment.  This  should  include  anti- 
fungal treatment,  rectal  and  vaginal. 
And  what's  clear  from  the  latest  re- 
view is  that  to  reduce  mortality  you 
have  to  include  systemic  antibiotics. 
In  my  practice  in  surgical  patients  this 
is  not  a  problem.  They  all  receive  an- 
tibiotics of  some  sort.  It's  hard  not  to 
give  them  antibiotics.  Most  have  other 
indications  for  them.  So  adding  topi- 
cal antibiotics  when  caring  for  surgi- 
cal patients  is  a  very  reasonable  next 
step.  This  is  the  population — trauma 
and  surgical  patients — that  Chris 
Stoutenbeek  described  in  his  original 
studies.'  He  also  did  one  other  thing, 
which  wasn't  looked  at  specifically  in 
the  Cochrane  review:  he  showed  cul- 
tural sterility,  or  at  least  a  substan- 
tially reduced  bacterial  load,  in  the  gas- 
trointestinal tract.  This  may  be  one  of 
the  most  important  differentiating  end 
points  of  the  early  studies.  Whether 
vou  actually  reduced  the  bacterial  load 
was  not  evaluated  in  some  studies,  and 
that  may  have  been  why  many  studies 
didn't  show  an_v  advantage  to  SDD. 
Chris  was  very  particular  about  that 
end  point.  He  cultured  the  stool,  in- 
creasing treatment  until  it  was  <  10 
CFU/mL.  Nowadays,  it  looks  like  ev  en 
less  topical  treatment,  w  hen  combined 
with  systemic  antibiotics,  does  im- 
prove outcome.  I'd  like  to  see  SDD 
adopted,  because  1  think  it's  inexpen- 
sive and  now  proven  effective.  The 
risk  of  superinfection  and  resistance 
was  not  addressed  in  the  Cochrane  re- 
view, and  it  needs  to  be  addressed. 
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DR.  Zandsira  DF.  The  eft'ecl  ol  scleclive 
dcconiamination  of  the  digestive  iracl  on 
colonisation  and  inleclion  rate  in  multiple 
trauma  patients.  Intensive  Care  Med  I9S4; 
10(4):185-192. 

Maclntjrc:  I'm  gDiiii;  to  follow  up 
with  what  Maureen  [Meade]  started, 
and  maybe  try  to  pin  you  down  a  little 
bit  harder.  You  put  up  3  Grade  B  rec- 
ommendations, which  are  fairly  high 
recommendations  about  selective  de- 
contamination, subglottic  secretion 
drainage,  and  filters  on  HMEs.  Those 
are  all  big  practice  changes  for  a  lot  of 
places.  Yesierda>  we  heard  Gray  |E11- 
rodt]  saying  that,  when  you  have  com- 
pelling evidence,  it  becomes  impor- 
tant for  us  to  make  sure  the  community 
adopts  those  things.  So  why  are  you 
not  more  active  in  getting  those  3  prac- 
tices established  as  standiu-ds  in  Char- 
lottesville? 

Durbin:  Well,  how  do  you  knt)w 
I'm  not? 

Maclnt>re:  I'm  sorry.  Maybe  I  mis- 
understood your  answer.  I  thought  you 
just  told  Maureen  that  this  is  not  some- 
thing you  do  because — and  Tm  prob- 
ably loosely  quoting  you — "'Others  set 
the  standards." 

Durbin:  Well.  I  think  that  develop- 
ment of  community  standards  of  prac- 
tice is  a  collaborative  effort.  There 
must  be  someone  out  front  waving  the 
flag,  but  you  have  to  analyze  the  risks 
and  benefits  of  a  change  to  the  insti- 
tution, and  that  analysis  also  includes 
a  cost-benefit  assessment.  The  issues 


of  practice  that  I've  chosen  to  give 
high  recommendations  to  were  not  ap- 
parent to  me  until  1  finished  the  paper 
last  week.  There  has  not  been  time  to 
initiate  change.  I'm  delighted  to  see 
that  the  evidence  supports  a  high-level 
recommendation  in  several  areas.  And 
I  think  il  probably  is  the  right  thing  to 
go  home  and  lobby  for  the  ones  that 
are  easy  and  inexpensive  to  achieve  at 
this  point.  It  takes  a  while  to  get  change 
to  occur.  Some  of  the  suggested 
changes  are  in  place  at  Virginia  and 
some  are  not.  I  think  that  the  criteria 
for  who  is  at  high  risk  need  to  be  well 
worked  out.  You  need  to  develop  a 
program  before  you  can  achieve 
change,  and  1  personally  think  these 
are  very  reasonable  changes  that  can 
be  made  to  achieve  clinical  improve- 
ments. 

I  haven't  figured  out  yet  how  to 
implement  subglottic  secretion  re- 
moval. That's  one  change  I've  thought 
about  most.  I  have  personally  changed 
endotracheal  tubes  to  place  the  needed 
special  device  for  subglottic  secretion 
drainage.  I  don't  think  that  is  the  right 
way  to  go,  because  there's  risk  in- 
volved in  changing  the  tube.  On  the 
other  hand,  I  don't  think  it's  reason- 
able to  put  the  special  (e-xpensive)  tube 
in  every  patient  who  mii^ht  end  up 
needing  it.  Therefore,  how  to  select 
the  right  patient  to  put  it  in  initially 
has  been  my  dilemma  for  that  partic- 
ular modality. 

As  far  as  ventilator-associated  pneu- 
monia and  HMEs,  that  is  our  standard 
of  practice;  we  use  HMEs  with  filters 
almost  universally,  so  no  change  is 
needed.  Finally,  the  last  recommenda- 
tion is  the  SDD,  which  is  one  of  the 
strons:est.  hut  1  did  not  have  strc^niz 


enough  data  to  support  using  SDD  until 
just  recently. 

Hess:  I  guess  I  would  challenge  the 
recommendation  regarding  the  use  of 
fillers  m  H.\If:s  to  prevent  ventilator- 
associated  pneumonia.  I  know  that  was 
part  of  the  meta-analysis  that  Deb 
Cook  and  associates  did  a  few  years 
ago.'  I  think  there  is  some  additional 
evidence  now  that  suggests  that  that 
doesn't  make  a  difference.  In  fact,  if 
we  believe  soinething  else  that  you 
said,  which  is  that  the  source  of  the 
ventilator-associated  pneumonia  is  a 
result  of  what  comes  around  the  out- 
side of  the  airway,  rather  than  what's 
breathed  throiii;h  the  airway,  it's  hard 
for  me  to  believe  that  that  recommen- 
dation should  inake  a  difference.  And, 
as  I  said.  I  think  there's  some  newer 
evidence  now  that  suggests  that 
whether  you  use  active  or  passive  hu- 
midification.  whether  you  use  heated- 
wire  circuits  or  nonheated-wire  cir- 
cuits, the  type  of  humidifier  you  use, 
and  so  forth,  really  doesn't  make  any 
difference. 
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Durbin:  Dean,  you  are  right.  I  have 
it  mislabeled  on  my  slide.  In  my  pa- 
per, only  the  use  of  SDD  and  subglot- 
tic secretion  removal  merited  Grade  B 
recommendations  for  prevention  of 
VAP.  The  data  supporting  HMEs  with 
filters  is  at  best  a  Grade  D  recommen- 
dation. 
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Mechanical  ventilation  incurs  substantial  morbidity,  mortality,  and  costs.  Both  premature  extuba- 
tion  and  delayed  extubation  can  cause  harm.  Therefore,  weaning  that  is  both  expeditious  and  safe 
is  highly  desirable.  The  purpose  of  this  review  is  to  summarize  the  literature  related  to  weaning 
modes,  spontaneous  breathing  trials,  weaning  predictors,  weaning  with  noninvasive  positive  pres- 
sure ventilation,  and  weaning  protocols.  We  used  5  computerized  databases  and  a  duplicate  inde- 
pendent review  process  to  select  articles  for  this  review.  We  included  randomized  clinical  trials 
evaluating  any  weaning  interventions  and  nonrandomized  trials  of  weaning  predictors,  with  a  focus 
on  studies  reporting  clinically  important  outcomes.  We  abstracted  quantitative  data  using  several 
metrics  and  pooled  results  across  studies  only  when  our  assessment  of  the  patients,  interventions, 
and  outcomes  indicated  that  pooling  was  legitimate.  The  a\ailable  clinical  research  evidence  sug- 
gests that,  for  progressive  weaning  of  the  level  of  mechanical  support,  it  ma>  be  best  to  choose 
modes  other  than  synchronized  intermittent  mandatory  ventilation  and  it  is  unreasonable  to  be 
dogmatic  about  the  use  of  other  modes.  There  may  also  be  substantial  benefits  to  early  extubation 
w  ith  back-up  institution  of  nonin\  asive  positive  pressure  ventilation,  as  needed,  though  this  remains 
an  experimental  approach.  For  trials  of  spontaneous  breathing,  low  levels  of  pressure  support  may 
hasten  extubation.  We  did  not  uncover  any  consistently  powerful  weaning  predictors,  suggesting 
that  formal  use  of  predictors  in  patients  being  considered  for  reduction  or  discontinuation  of 
mechanical  support  is  unlikel>  to  improve  patient  care.  The  likel>  explanation  is  that  clinicians 
alread\  fully  consider  information  from  weaning  predictors  in  choosing  patients  for  trials  of  re- 
duction or  discontinuation  of  mechanical  ventilation.  Finallv,  implementation  of  respiratory  ther- 
apist- or  nurse-dri\en  protocols  nia>  be  useful  for  all  phases  of  weaning,  and  clinicians  should  adopt 
dail\  assessment  for  a  trial  of  unassisted  breathing  as  a  safe  method  to  reduce  the  duration  of 
mechanical  ventilation.  Key  words:  evidence-based  medicine,  mechanical  venlilation.  ueanini;.  predic- 
tors, spontaneous  l>reatliing  trial.  T-piece  trial.     [Respir  Care  20()1:46(  1 2):  1408-14 1 5| 
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Introduction 

The  \asl  iiKijuriiy  ot'ciitic>ill\  ill  paliciits  cared  tor  in  an 
iniensive  care  unil  (ICL'l  seltiiig  reiiuire  mechanical  \en- 
lilaiion.  A  liLiropean  sur\ey  of  practices  related  tc  inechan- 
ieal  ventilation  indicated  that  approximately  40%  of  a  pa- 
tient's time  on  a  \entilator  is  spent  in  the  process  of 
weaning.'  Meanwhile,  the  costs  of  mechanical  \entilation 
are  substantial.  Clinical  costs  to  patients  include  the  mor- 
bidity and  mortality  of  \entilalor-associated  piieumonia- 
and  ventilator-associated  lung  uijury.'  There  are  atidltional 
costs  incurred  when  patients  are  mechanically  ventilated, 
includins:  nursing  costs,  respiratory  therapist  (RT)  costs, 
and  equipment  costs.  It  stands  to  reason  that  clinicians 
should  attempt  to  wean  patients  from  mechanical  ventila- 
tion as  quickly  as  possible.  However,  weaning  loo  quickly 
may  result  in  cardiorespiratory  instability,  and  premature 
extubation  follovxed  by  reintubation  is  associated  with 
higher  mi>rtalii\.*  Because  mechanical  ventilation  incurs 
substantial  morbidity,  mortality,  and  costs,  and  because 
both  premature  weaning  and  delayed  weaning  can  cause 
harm,  weaning  that  is  both  expeditious  and  safe  is  highly 
desirable.  For  these  reasons,  clinicians  and  clinical  inves- 
tigators alike  are  interested  in  an  evidence-based  approach 
to  weaning  frtim  mechanical  \entilalion. 

Recently .  2  independent  professional  organizations  de- 
veloped mandates  to  produce  clinical  guidelines  for  wean- 
ing from  mechanical  \entilation:  the  American  College  of 
Chest  Physicians  and  the  St  Lt)uis  University  School  of 
Nursing.  In  partnership  with  those  2  professional  bodies, 
and  under  contract  from  the  .Agency  for  Health  Care  Pol- 
icy and  Research,  we  set  out  to  summarize  the  clinical 
research  related  to  weaning  from  mechanical  ventilation. 
Our  research  collaboration  in\(il\ed  critical  care  physi- 
cians, RTs.  nurses,  research  methodologists,  and  weaning 
experts.  Detailed  results  of  that  work  have  been  published 
along  with  weaning  recommendations  from  the  .American 
College  of  Chest  Physicians.'^  '•  The  purpose  herein  is  to 
present  a  brief  summary  of  our  findings  related  to  weaning 
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modes,  spontaneous  breathing  trials,  weaning  predictors, 
weaning  with  noninvasive  positive  pressure  ventilation 
(NPPV),  and  weaning  protocols,  with  an  emphasis  on  the 

implicaiidiis  lor  respiratory  care. 

Methods 

Previous  publicatums  describe  the  methods  of  this  re- 
view.'^ With  the  assistance  of  a  professional  librarian,  we 
searchei!  .^  electronic  databases,  dating  back  as  far  as  1971: 
M1;D1.1N1;.  HMB.ASE,  Cumulative  Index  to  Nursing  and 
Allied  Health  Literature,  HEALTHStar,  and  the  Cochrane 
Database  of  Systematic  Rev iews. 

Two  or  more  indiv iduals.  working  independently,  con- 
ducted each  step  of  our  protocol  for  selecting  articles  for 
this  review,  from  the  initial  review  of  titles  and  abstracts  to 
the  review  of  all  potentially  relevant  articles.  We  included 
( 1 )  randomized  clinical  trials  evaluating  weaning  practices 
and  (2)  nonrandomized  trials  of  weaning  predictors,  with 
a  focus  on  studies  reporting  clinically  important  outcomes 
rather  than  just  physiologic  data.  Our  search  identified 
approximately  .^.200  citations,  of  which  nearly  1.000 
proved,  on  rev  iew  of  titles  and  abstracts,  to  be  potentially 
relevant.  One-hundred  sixteen  articles  met  our  selection 
criteria,  and  we  include  the  restilts  of  many  of  those  arti- 
cles herein. 

To  extract  data,  we  established  a  9-member  team  of 
intensivists  and  RTs  who,  following  a  period  of  training, 
abstracted  a  variety  of  details  and  data  related  to  research 
methodology,  as  well  as  clinical  outcomes  and  some  phys- 
iologic data.  Data  abstractors  worked  in  pairs,  reviewing 
the  articles  independently  and  then  together  to  resolve  dis- 
agreements. They  coded  all  data  onto  a  20-page  form  that 
we  de\eloped  for  the  purpose  of  this  project,  and  research 
staff  scanned  the  data  forms  into  an  electronic  database. 

Our  analytic  methods  were  extremely  varied,  given  the 
variety  of  study  designs  included  in  the  entire  series  of  our 
review  s.  We  only  pooled  data  quantitatively  when  it  seemed 
appropriate,  based  on  examination  of  the  populations,  the 
experimental  and  control  interventions  in  the  original  stud- 
ies, visual  inspection  of  study  results,  and  formal  tests  for 
heterogeneity  among  study  results.^  For  weaning  predic- 
tors we  calculated  likelihood  ratios,  which  are  the  most 
informative  index  that  we  can  use  to  summarize  diagnostic 
properties  or  predictive  properties  in  general,  and  this  holds 
true  for  weaning  predictors. 

Results 

Different  Modes  for  litrating  .Mechanical  Support 

When  mechanically  ventilated  patients  are  recovering 
from  acute  illness,  clinicians  generally  reduce  mechanical 
support  progressively,  over  time,  as  patients  are  increas- 


Rr.spiR.vroRV  Care  •  December  2001  Voi.  46  No  12 


1409 


Weaning  ikom  Mhchanical  ViiNTii  ation:  Tmi:  Evidence  from  Clinical  Research 


Table  lA.      Titrating  Mechanical  Suppon:  Pressure  Support  Versus  Multiple  Daily  T-Piccc 


Outcome 


First  Author 


Results 


Pooled  Results 


Weaiiinj:  duration 
Kxtuhalion  I'aiUire 


Brochard'* 
Esteban" 
Brochard'' 
Esteban" 


-67.2  h(- 143,  8.89) 
24.0  h  (-41.7,  86.7) 
RR  0.54  (0.26,  1.13) 
RR  1.58(0.68,3.68) 


-19.5  h( -109,  69.8) 
RRO.yi  (0.32.2.58) 


Numbers  in  parenltieses  arc  95*)^  fmifidcnce  limits. 
RR  -  relative  risk 


ingh  able  to  take  on  the  work  of  biealhiiij:  themselves. 
There  are  a  number  of  approaches  to  consitJer  in  the  early 
stage  of  weaning.  Clinicians  may  perform  daily  T-piece 
trials,  gradually  increasing  the  duration  of  the  trials  to 
increase  the  endurance  of  the  patient,  and  resting  the  pa- 
tient by  providing  full  ventilatory  support  between  trials. 
Alternatively,  one  may  conduct  such  trials  many  times 
during  the  same  day  to  (theoretically)  build  up  respiratory 
endurance  more  quickly.  Or  one  may  gradually  reduce  the 
ainount  of  pressure  support  provided  during  each  inspira- 
tion so  that  patients  are  continually  performing  most  of  the 
work  of  breathing  that  they  are  capable  of,  without  rest. 
Another  possibility  is  to  gradually  reduce  the  rate  of  man- 
datory breaths  delivered  by  the  ventilator  in  synchronized 
intermittent  mandatory  ventilation  (SIMV)  mode,  so  the 
patient  initiates  as  many  of  the  breaths  as  he  or  she  is 
capable  of.  Least  commonly,  and  most  recently,  clinicians 
may  extubate  relatively  early,  and  then  support  a  patient 
with  NPPV,  if  necessary,  until  they  no  longer  require  me- 
chanical support.  Several  randomized  trials  have  compared 
these  various  modes  for  weaning  mechanical  support. 

Esteban  et  al  and  Brochard  et  al  both  compared  the  use 
of  pressure  support  mode  to  multiple  daily  T-piece  tri- 
als."'' In  both  studies,  investigators  enrolled  patients  when 
they  were  (I)  deemed  potentially  extubatable  by  the  at- 
tending physicians  and  then  (2)  failed  a  2-hour  trial  of 
spontaneous  breathing.  The  2  studies  differed  in  the  way 
the  T-piece  method  was  employed.  In  the  Esteban  trial, 
study  participants  were  extubated  as  soon  as  they  could 
tolerate  a  2-hour  T-piece  trial  of  spontaneous  breathing.  In 
that  study,  patients  weaned  more  quickly  and  more  suc- 


cessfully using  the  T-piece  method  than  with  pressure  sup- 
port (Table  1  A).  In  contrast,  in  the  Brochard  trial,  depend- 
ing on  how  the  patient  performed  on  a  spontaneous 
breathing  trial  prior  to  enrollment,  the  patient  had  to 
progress  through  successful  trials  of  5.  13.  30,  and  60 
minutes  before  being  eligible  for  a  spontaneous  breathing 
trial  of  120  minutes.  In  that  study,  patients  weaned  more 
quickly  and  more  successfully  with  pressure  support  than 
the  T-piece  method.  Because  of  the  different  protocols  for 
T-piece  weans  in  those  2  studies,  it  may  not  be  appropriate 
to  pool  the  results  of  the  studies.  However,  some  clinicians 
argue  that  there  are  innumerable  ways  of  conducting  T- 
piece  weans,  and  that  there  is  some  value  in  understanding 
if  T-piece  weans  perform  better  in  general  than  pressure 
support  weans.  Therefore  we  present  the  pooled  results  in 
Table  lA.  The  confidence  intervals  around  the  pooled  re- 
sults are  consistent  with  an  important  difference  in  favor 
of  either  pressure  support  or  multiple  daily  T-piece  weans. 

Those  2  studies  also  compared  SIMV  and  multiple  daily 
T-piece  weans  (Table  IB).""  The  trend  observed  suggests 
that  SIMV  prolongs  weaning  by  2  days  (on  average ).  though 
there  was  no  major  difference  in  the  rate  of  extubation 
failure.  The  pooled  results  exclude  an  important  difference 
in  favor  of  SIMV  and  suggest  that  multiple  daily  T-piece 
weans  are  superior. 

Similarly,  both  studies  compared  SIMV  and  pressure 
support  weaning  modes  (Table  IC).**"  The  trend  we  ob- 
served here  suggests  that  patients  take  longer  to  wean  on 
SIMV  than  on  pressure  support.  The  pooled  data  also  ex- 
clude an  important  difference  in  faxor  of  SIMV  and  sug- 
gest that  pressure  support  weans  are  superior. 


Table  IB.       Titrating  Mechanical  Suppon:  Synchronized  Interniiltcnl  Mandatory  Ventilation  Versus  Multiple  Daily  T-Piece 


Outcome 


First  Author 


Results 


Pooled  Results 


Weaning  duration 
Extubation  failure 


Brochard'' 
Esteban" 
Brochard' 
Esteban" 


+  33.6  h  (-54.7.  122) 
+  48.0  h  (-7.65,  104) 
RR  0.98  (0.59.  1.63) 
RR  1.66(0.69.3.95) 


+43.9  h  (-3.17. 91.0) 
RR  1  13(0.71.  1.78) 


Numbers  in  parentheses  are  9.'i^  confidence  limits, 
RR  =  relative  risk 


1410 


Respir.a,torv  Care  •  December  2001  Vol  46  No  12 


Weaning  ikum  Mm  ii\nicai.  Vimii  \iion:  The  Evidence  from  Clinical  Research 


Table  IC.      Tilraling  Mechanical  Support:  Pressure  Support  Versus  Synchronized  Inlermilteni  Mandatory  Ventilation 


Outcome 

Weaning  duration 

Exiubation  failure 


I  nsi    \ullu>i 

Brochard' 
Esteban^ 
Brwhard" 
Estcban" 


Results 

-101  h(-175.  -26.5) 
-24.0  h(- 104.  56.3) 
RR  0..S6  (0.27.  1.14) 
RR  0.96  (0.47.  1.95) 


Pooled  Results 


-64.0h(-l.'«9.  11.2) 
RR  0.73  (0.4.1.  1.24) 


Numhcrs  in  paa-mhcM-v  arc  **5'r  tronfidcncc  limils- 
RR  =  rclali\c  nsk 


What  about  studies  comparing  NPPV  weaning  with  pres- 
sure support  weaning .'  In  2  studies.'"  ' '  patients  \s  ilh chronic 
obstructive  puhnonary  disease  who  had  failed  2-hour  T- 
piece  trials  were  weaned  with  pressure  support  until  spe- 
cific criteria  were  met.  At  that  point  they  were  random!) 
assigned  to  continue  the  pressure  support  weaning  t)r  to 
undergo  early  exiubation  with  supplemental  NPPV,  as 
needed.  Both  groups  ot  in\estigators  observed  a  large  trend 
toward  better  survival  using  NPPV  weaning  (Table  2). 
After  pooling  those  studies,  we  observed  dramatically  lower 
(70%)  mortality.  v\hich  almost  reached  conventional  sta- 
tistical significance.  One  study  observed  a  very  large  and 
statistically  significant  reduction  in  the  incidence  of  nos- 
ocomial pneumonia  with  NPPV."  Although  the  point  es- 
timate after  pooling  data  across  studies  is  consistent  w  iih 
a  substantially  lower  rate  of  nosocomial  pneumonia,  w  ide 
confidence  intervals  (CIs)  preclude  strong  inferences.  There 
was  also  a  trend  toward  a  large  rcducnon  m  ICU  length  of 
stay  associated  with  NPPV. 

Spontaneous  Breathinjj  Trials 

.Spontaneous  breathing  trials  are  conducted  late  in  the 
process  of  weaning,  when  clinicians  are  considering  extu- 
bating  a  patient  but  lhe\  are  uncertain  ahiiui  the  patieni's 
ability  to  sustain  breathing  without  mechanical  support.  A 


number  of  investigators  have  conducted  randomized  trials 
of  techniques  for  spontaneous  breathing  trials. 

Esteban  et  al  compared  low-level  (7  cm  H-,0)  pressure 
support  to  T-piece  for  spontaneous  breathing  trials  (Table 
3).'-  In  spite  of  the  large  sample  si/e.  e\ent  rates  (such  as 
the  rate  of  reintubation)  were  sufficiently  low  that  most  of 
their  data  were  inconclusi\e  (as  indicated  by  the  wide 
CIs).  The  rate  of  nonextubation  (failing  the  first  sponta- 
neous breathing  trial!  was  lower  with  pressure  support, 
indicating  that  patients  were  extubated  earlier  with  pres- 
sure support  than  v\  ith  T-piecc  trial.  More  importantly,  the 
combined  end  point  of  nonextubation  plus  reintubation, 
w  hich  together  reflect  the  2  ways  extubation  may  fail,  was 
not  different  between  the  2  groups.  Hospital  mortality  was 
also  similar  in  the  2  groups.  However,  the  width  of  the  CIs 
indicates  that  one  cannot  rule  out  the  possibility  of  either 
method  being  superior  with  respect  to  patient  survival. 

In  a  subsequent  randomized  study  (Table  4).  the  same 
group  of  investigators  compared  a  .^0-minute  T-piece  trial 
to  a  2-hour  T-piece  trial."  Again,  low  event  rates  rendered 
the  data  inconclusive  with  respect  to  clinically  important 
outcomes,  particularly  mortality,  and  the  combined  out- 
come of  nonextubations  and  reintubation. 

In  those  2  trials.  Esteban  et  al  made  important  efforts  to 
minimi/e  biases  that  can  leatl  to  erroneous  results.  Patients 
were  randomly  assigned  to  one  of  2  study  groups,  in  a 


Table  2.      Weaning  Mechanical  Support  with  Noninsasive  Positive  Pressure  Ventilation 


Outcome 


First  Author 


Results 


Pooled  Results 


Mortality 

Nosocomial  pneumonia 

ICU  length  of  stay 


•Nava  study:  n  ~  5<1 

RR  =  rclalivc  risk 

Numhcrs  in  parcnlhcscs  arc  95%  confidence  limils. 

*GirauIt  study:  it  =  .13 

let'  =  intensive  carc  unit 


Nava"* 

Giraulti"t 

Nava" 

Girault'" 

Nava" 

Girault"' 


RR  0.33  (0.09.  1.25) 
RR  0.19  (0.01.  3.66) 
RR  0.07  (0.00.  LID 
RR  0.94  (0.1 1.8.22) 
-8.90d(-14.7.  -3.13) 
-1.71  d(-6.61.3.19) 


RR  0.30  (0.09.  1.02) 
RR  0.29  (0.02.  3.88) 
-5.l4d(-l2.2.  1.90) 
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\'Mc  3,       Sponlaneous  Breathing  Trials:  Pressure  Siipporl  ot  7  em 
H,0  Versus  T-Pieee 


Outcome 


Results  (RR) 


Hospital  mortality 

1.06(0.71-1.57) 

0.78 

Non-extubalion 

0.64  (0.43-0.94) 

0.02 

Reinluhalion 

0.99(0.66-1.49) 

0.95 

Combined  end  point 

0.82(0.63-1.05) 

0.12 

(nonextubation  + 

reintuhatu 

nil 

Numbers  in  parentheses  are  95*'^  confitlcncc  limits. 

RR  =  relative  risk 

Based  on  results  reported  by  Eslcban.  from  484  patients,  (Adapted  from  Reference  I2-| 


Table  4.       Duration  of  T-Piece  Trials:  30  Minutes  vs  2  Hours 


Outcome 

Results  (RR) 

P 

Hospital  mortality 

1.21  (0.83-1.75) 

0.33 

Non-extubation 

0.78(0.51-1.20) 

0.26 

Reintubation 

1.08(0.63-1.60) 

0.98 

Combined  end  point 

0.89(0.67-1.20) 

0.45 

(nonextubation  +  reintubation) 

NumberN  in  parenlhcses  ore  95'^  confidence  Ijmits- 

RR  ^  relative  risk 

Based  on  results  reported  by  Esteban.  from  526  patients,  (Adapted  from  Reference  13-) 


concealed  fashion,  meaning  that  investigators  and  caregiv- 
ers were  unaware  of  the  group  to  which  a  patient  would  be 
randomized  before  being  enrolled  in  the  trial.  In  both  stud- 
ies, the  2  study  groups  were  similar  at  the  start  of  the  trial 
with  respect  to  other  potentially  important  determinants  of 
outcome  and.  though  they  could  not  blind  clinicians,  the 
investigators  did  show  that  the  patients  in  the  2  groups 
received  similar  care  with  respect  to  other  therapies  that 
might  influence  weaning.  Both  studies  had  complete  fol- 
low-up and  investigators  conducted  an  intention-to-treat 
analysis,  which  preserves  the  benefit  of  randomization. 

Some  other  randomized  trials,  smaller  and  also  more 
susceptible  to  bias,  compared  other  modes  for  spontaneous 
breathing  trials.  Feeley  et  al  (n  =  25)  and  Jones  et  al  (n  = 
106)  found  no  difference  between  low-level  continuous 
positive  airway  pressure  (CPAP)  and  T-piece  trials  with 
respect  to  patient-important  outcomes, '■^''^  and  Hastings  et 
al  (/i  =  18)  observed  no  difference  between  CPAP  plus 
intermittent  mandatory  ventilation  and  CPAP  alone  for 
conducting  tiials  of  spontaneous  breathing."' 

Weaning  Predictors 

We  identified  70  articles  describing  a  vancl\  ol  studies 
investigating  weaning  parameters  in  chronic  obstructive 
pulmonary  disease,  cardiovascular  ICU.  and  general  ICU 
patients.  Among  those  studies  there  were  462  putative 


weaning  predicU)rs!  Weaning  predictors  that  clinicians  cur- 
rently use.  and  dial  investigators  have  studied,  include  an 
assortment  of  demographic  characteristics  (eg,  age.  diag- 
nostic categories),  subjective  signs  (eg,  diaphoresis,  agita- 
tion), vital  signs  and  hemodynamic  variables  (eg.  heart 
rate,  blood  pressure),  lung  mechanics  (eg.  tidal  volume, 
respiratory  rale),  gas  exchange  (eg,  P^q,-  I  arterial  partial 
pressure  of  oxygen),  P.,to,  [arterial  partial  pressure  of  car- 
bon dio.\ide]),  and  severity  of  illness  measures  (eg,  bio- 
chemical variables,  comorbidities,  levels  of  respiratory  sup- 
port, levels  of  nonrespiratory  support).  Investigators  have 
tested  those  variables  individually,  as  composite  scores  or 
derivations,  and  as  complex  systems.  In  addition,  investi- 
gators have  tested  some  of  the  indicators  to  predict  a  va- 
riety of  outcomes  related  to  weaning,  including  success  in 
titrating  the  level  of  mechanical  support,  success  in  spon- 
taneous breathing  trials,  successful  extubation,  and  others. 
This  report  focuses  on  predictors  of  successful  extubation. 

The  most  frequently  studied  and  one  of  the  more  pow- 
erful tests  that  we  identified  was  the  rapid  shallow  breath- 
ing index.  Nine  studies  evaluating  the  rapid  shallow  breath- 
ing index  used  a  threshold  of  100  (or  105)  for  predicting 
successful  extubation  in  a  general  ICU  population."---'' 
Reported  likelihood  ratios  associated  with  a  rapid  shallow 
breathing  index  <  100  ranged  from  0.61  to  8.99.  When  we 
pooled  the  data  across  studies,  we  found  that  a  rapid  shal- 
low breathing  index  <  100  was  associated  with  a  likeli- 
hood ratio  of  1.49  (95%  CI  1.11,  1.99).  and  a  rapid  shallow 
breathing  index  >  100  was  associated  with  a  likelihood 
ratio  of  0.39  (95%  CI  0.25.  0.62)  (Table  5).  This  means 
that  a  rapid  shallow  breathing  index  <  100  minimally 
increases  the  likelihood  of  successful  extubation.  A  rapid 
shallow  breathing  index  >  100  reduces  the  chance  of  suc- 
cessful extubation  to  a  somewhat  greater  extent,  but  the 
diagnostic  utility  remains  small.  Therefore,  this  is  a  sta- 
tistically significant  but  onW  marginalh  clinicall\  useful 
predictor  of  successful  extubation.  We  found  no  ev  idence 
of  a  threshold  effect.  In  addition,  standardizing  the  rapid 
shallow  breathing  index  to  bod\  weight  did  not  improve 
the  accuracy  of  prediction.-''  -^ 

The  other  more  powerful  predictors  included  respiratory 
rate  and  inspiialor\  pressure/maximum  inspirator)  pres- 
sure, where  maximum  inspiratory  pressure  is  delined  as 
the  maxiinum  inspiratory  pressure  measured  in  an  ticcludcd 
airway  after  20  s,  starting  from  residual  volume  (see  Table 
5).  The  pooled  likelihood  ratii)s  indicate  that  a  respirator) 
rate  <  38  breaths/min  did  not  improve  the  probability  of 
successful  extubation  in  the  sum  of  those  studies,  though 
a  respiratory  rate  of  >  38  breaths/min  reduced  the  prob- 
ability of  successful  extubation  slightly. ----•*•-'*-"  A  ratio 
of  inspiratory  pressure-to-maximum  inspiratory  pressure 
<  0.3  appears  to  modestly  increase  the  likelihood  of  suc- 
cessful extubation.'-"  Those  3  variables  were  among  the 
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Table  5.      Weaning  Predictors 


Predictor 

#  Studies 

#  Patients 

LR 

fA'T  <  100 

0 

885 

1.49(1.11.  1.99) 

fA'T  >  100 

9 

885 

0.39  (0.25,  0.62) 

RR  <  38  brealhs/min 

7 

406 

1.02(0.97.1.07) 

RR  >  38  breaths/min 

7 

406 

0.59(0.25.  1.36) 

P,/P <  0.3 

2 

81 

2.23(1.15.4.34) 

P,/P >  0.3 

2 

81 

0.63(0.36.  1.10) 

LR  =  likelihood  ralio  for  prcdicling  successful  cxtubalion 

Numbers  in  parcndicscs  are  95%  confidence  limiLs. 

f  =  respiralor>  frequency 

Vj  =  tidal  volume 

f/Vj  =  rapid  shallow  breathing  index 

RR  =  respiratory  rate 

P|/Pl,n„  =  inspiratory  pnrs-surc  divided  by  maximum  inspiratory  pressure 

A  likelihood  ratio  of  I  nwans  the  post-test  probability  is  the  s;uTie  as  the  prc-lcst  probability 

and  thus  the  test  result  is  altogether  unhelpful.  Values  of  1-2  increase  probability  very  little 

that  the  patient  has  the  condition  being  tested  for.  just  a.s  values  of  1-0,5  lower  the  probability 

very  little  that  the  patient  has  the  condition  being  tested  for   Values  of  2-5  or  0.5-0.2 

represent  small  but  potentially  imponant  differences  in  probability.  Values  of  5-10  or  0.2-01 

represent  moderate  differences  in  probability   Values  >  10  and  <  0.1  represent  large 

differences  in  probability 


most  powerful  predictors  of  successful  extubatitin  that  we 
identitlei-l  when  all  studies  were  considered  together. 

Weaning  Protocols 

The  most  important  additional  weaning  intervention  that 
we  reviewed  was  the  use  of  weaning  protocols. 

Ely  et  al  enrolled  into  their  study  all  mechanically  ven- 
tilated patients  in  their  medical  surgical  ICU  during  a  de- 
fined period.  '^  RTs  documented  a  variety  of  respiratory 
variables  on  a  daily  basis.  When  patients  met  specific 
criteria,  they  underwent  a  2-hour  T-piece  trial.  If  during 
the  T-piece  trial  they  met  additional  criteria,  the  RTs  rec- 
ommended extubation.  The  measurements  and  trials  were 
done  in  a  blinded  manner,  such  that  attending  physicians 
did  not  know  which  patients  were  undergoing  protocol- 
directed  weaning,  unless  they  received  a  recommendation 
to  extubate.  The  investigators  observed  a  large  and  statis- 
tically significant  reduction  in  the  rate  of  successful  extu- 
bation during  the  study  period.  In  addition,  they  ob.served 
a  statistically  significant  reduction  in  the  duration  of  wean- 
ing, by  2  days,  among  the  patients  weaned  according  to  the 
study  protocol. 

Other  groups  have  evaluated  protocols  versus  physi- 
cian-directed weaning  for  earlier  stages  of  the  weaning 
process.  A  study  evaluating  computerized  weaning  proto- 
cols showed  a  statistically  significant  reduction  in  extuba- 
tion failures  and  a  strong  trend  toward  shorter  weaning 
duration  associated  with  the  use  of  computerized  proto- 
cols.'-'' Another  trial  of  a  nurse-  and  RT-directed  protocol 
was  too  small  to  be  conclusive,  though  the  direction  of  the 
results  was  similar  to  those  in  the  other  trials.'*'  A  similar 


use  of  protocols  by  Marelich  et  al  was  associated  with  a 
statistically  significant  2.5  day  reduction  in  the  duration  of 
mechanical  ventilation,  but  there  were  also  associated  in- 
creases (not  statistically  significant)  in  failed  extubations 
and  in  mortality." 

Summary 

There  is  a  vast  literature  on  weaning  from  mechanical 
ventilation.  We  have  focused  on  clinical  research  evidence 
in  the  form  of  randomized  trials,  where  possible,  and  ob- 
servational studies  for  weaning  predictors.  In  spite  of  the 
large  volume  of  data  available,  we  can  draw  relatively  few 
conclusions. 

Different  Modes  for  Titrating  Mechanical  Support 

SIMV  weans  are  definitely  no  better  than  T-piece  or 
pressure  support  weans,  and  are  probably  worse.  There- 
fore, it  is  advisable  to  use  modes  other  than  SIMV  for 
titrating  the  level  of  mechanical  support.  Other  weaning 
modes  appear  to  confer  no  advantage.  Trials  of  early  ex- 
tubation supplemented  with  NPPV  are  associated  with 
lower  mortality  and  shorter  ICU  stays.  Ongoing  research 
will  confirm  or  refute  these  exciting  potential  benefits.  In 
the  meantime.  NPPV  remains  an  experimental  approach  to 
weaning,  which  should,  ideally,  be  used  in  the  context  of 
systematic  evaluations  such  as  clinical  trials. 

Spontaneous  Breathing  Trials 

With  respect  to  spontaneous  breathing  trials,  most  cur- 
rent randomized  trials  provide  limited  information  because 
of  the  low  rate  of  adverse  events  and/or  insufficient  sam- 
ple size.  In  general,  there  is  no  evidence  of  large  differ- 
ences between  a  variety  of  ventilator  modes  used  for  spon- 
taneous breathing  trials,  including  T-piece,  low-level 
pressure  support,  low-level  CPAP,  or  intermittent  manda- 
tory ventilation.  Any  of  these  methods  of  conducting  spon- 
taneous breathing  trials  is  acceptable.  However,  spontane- 
ous breathing  trials  using  low-level  pressure  support  may 
be  superior  to  T-piece  trials  with  respect  to  hastening  ex- 
tubation. The  results  of  randomized  trials  also  suggest  that, 
for  most  patients,  there  is  no  appreciable  difference  be- 
tween T-piece  trials  of  30  minutes  and  those  lasting  120 
minutes.  If  patients  appear  to  tolerate  such  trials  very  well 
for  30  minutes,  it  may  be  safe  to  extubate  at  that  time; 
however,  if  there  is  any  uncertainty,  we  recommend  con- 
tinuing the  trial  for  a  total  of  I  20  minutes. 

Weaning  Predictttrs 

\\  h\  do  most  t)t  the  predictors  for  successtul  extubation 
appear  to  perform  so  poorly?  The  likely  explanation  is  that 
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cliiin-iaiis  li.i\o  ahwicls  coiisideiL-d  the  icsiilis  cil  the  pre- 
dictors when  the\  elioose  jiatients  ti>r  vveaniiiii  trials.  In 
essence,  this  means  tliat  the  predicti\e  power  of  the  tests  is 
"used  U|i"  b\  the  lime  investigators  lormalK  lest  their 
properties  in  patients  who  clinicians  ha\e  already  decided 
are  candidates  for  weaning.  The  bottom  line  is  that  many 
of  these  lests  ma>  perform  far  better  than  the  sinii  ol  the 
ilata  suggests,  (•'ormal  use  of  weaning  predictors  in  patients 
W'ht)m  clinicians  have  already  intuiti\el\  chosen  as  wean- 
ing candidates  is  unlikely  to  improve  patient  care.  There- 
fore, clinicians  should  not  focus  on  a  specific  predictor 
when  weaning  patients  from  mechanical  ventilation. 

Weaning  Protocols 

Hl\  et  al's  work  suggests  that  pinsicians  are  far  too 
conserx ati\e  in  considering  patients  ready  for  spontaneous 
breathing  trial  and/or  extubation.'-*  Therefore,  weaning  pro- 
tocols implemented  dming  the  final  stages  of  weaning,  and 
perhaps  all  stages  of  weaning,  can  reduce  the  duration  of 
weaning  and  ma\  reduce  the  rale  of  extubation  failures. 
Certainh  clinicians  should  conduct  daily  assessments  for 
trials  of  spontaneous  breathing,  to  reduce  the  duration  ot 
mechanical  ventilation.  However,  all  protocols  are  not  nec- 
essarilv  efficacious.  The  most  recent  study  raises  concerns 
about  the  risk  of  reintubation  and  mortality  associated  with 
protocols,  which  may  can^  a  risk  of  premature  extubation." 

REFKRENCES 

1.  Estelian  A,  Alia  I.  Ibanc/  J.  Benito  S.  Tohin  M.I.  Modes  ot  mechan- 
ical ventilation  and  weaning:  a  national  survey  of  Spanisti  hospitals. 
The  Spanish  Lung  Failure  Collaborative  Group.  Chest  iy94;l()6(4): 
1188-119.^. 

2.  Vincent  J.  Bihari  D.  Suler  PM.  Bruining  HA.  While  J.  Nicolas- 
Chanoine  MH.  W'ollf  M.  The  prevalence  of  nosocomial  infection  in 
intensive  care  units  in  tiurope.  Results  of  the  European  Prevalence  of 
Infection  in  Intensive  Care  (EPICl.  JAMA  l')9.S;:74(S»:639-6-l4. 

3.  Meade  MO.  Cook  DJ.  Kernerman  P.  Bernard  G.  Hou  to  use  an 
anicle  about  harm:  the  relationship  between  high  tidal  volumes. 
\enlilating  pressures,  and  vcntilalor-induccd  Uiiig  mi|UI\.  Cril  Care 
Med  |yy7:25(ll);19I.S-l922. 

4.  Epstein  SK.  Etiology  of  extubation  failure  and  the  predictive  value  of 
the  rapid  shallow  breathing  index.  Am  J  Respir  Crit  Care  Med  I99.S; 
I.S2l2):.'i45-549, 

5.  Criteria  for  Weaning  from  Mechanical  VentMalion.  Summary.  Evi- 
dence Report/Technology  Assessment:  Number  2.V  .'\HRQ  Publica- 
tion No.  (K)-EU2S.  June  2()()().  Agency  for  Healthcare  Research  and 
Quality.  Rock villc.MD.hltp://u WW. ahrci.gov/clinic/mechsumm. htm. 
Accessed  October  8.  201)1. 

6.  Meade  MO.  Guyati  GH.  Sinuff  T.  Griflith  L.  Hand  I  .  loprani  G. 
Cook  DJ.  Trials  comparing  alternative  weaning  modes  and  discon- 
tinuation assessments.  Chest  (2001.  in  press), 

7.  Oxman  AD.  Cook  DJ.  Guyait  GH  Users'  guides  lo  the  medical 
literature.  VI  How  to  use  an  overview.  Evidence-Based  Medicine 
Working  Group.  JAMA  I994:272(  I7):l.'(67-l.'(71. 

8.  Esteban  A.  Frutos  F.  Tobin  MJ.  Alia  1.  Solsona  JF.  Valvcrdu  1.  et  al. 
A  comparison  of  four  methods  o{  weaning  patients  from  mechanical 


III. 


12. 


l.V 


14. 


15, 


17, 


18 


19, 


21 


2.1 


24 


ventilation.  Spanish  Lung  Failure  Collaborative  Group.  N  Engl  J  Med 
|y95:.1.12(6):.'i4.S-350. 

Brochard  L.  Rauss  A,  Benito  S.  Conn  G,  Mancebo  J.  Rekik  N.  et  al. 
Comparison  of  three  methods  of  gradual  w  iihdrawal  from  \enIilatory 
support  during  weaning  from  mechanical  ventilation.  Am  J  Respir 
Crit  Care  Med  1994:I.';()(4):896-9().V 

Giraull  C.  Daudenthun  1.  Chevron  V.  Tamion  F,  Leroy  J.  Bonmarc- 
hand  G.  Noninvasive  ventilation  as  a  systematic  extubation  and  wean- 
ing technique  in  acute-on-chronic  respiratory  failure:  a  prospective, 
randomized  controlled  study.  Am  J  Respir  Crit  Care  Med  1999: 
IW)(l):86-92. 

Nava  S,  Rubini  F.  Zanotii  E.  Ambrosino  N.  Baischi  C.  Vitacca  M. 
et  al.  Survival  and  prediction  of  successful  ventilator  weaning  in 
COPD  patients  requiring  mechanical  ventilation  for  more  than  21 
days.  Eur  Respir  J  1 994:7(9):  I (S45- 1 6.52. 

Esteban  A.  Alia  1.  Gordo  F.  Fernandez  R.  Solsona  JF.  ValUcrdu  1.  et 
al.  Extubation  outcome  after  spontaneous  breathing  trials  with  T- 
tube  or  pressure  support  ventilation.  The  Spanish  Lung  Failure  Col- 
laborative Group.  Am  J  Respir  Crit  Care  Med  1997:1.5(1(2  Pi  1  ):459- 
465.  Ipublished  erratum  appears  in  Am  J  Respir  Cril  Care  Med 
1997:156(61:20281 

Esteban  A.  Alia  I.  Tobin  MJ.  Gil  A.  Gordo  F.  Vallverdu  1.  et  al. 
Effect  of  spontaneous  breathing  trial  duration  on  outcome  of  at- 
tempts to  discontinue  mechanical  ventilation.  Spanish  Lung  Failure 
Collaborative  Group.  Am  J  Respir  Crit  Care  Med  I999;I59(2):5I2- 
518. 

Fceley  TW.  Saumarez  R.  Klick  JM.  McNabb  TG.  Skillman  JJ.  Pos- 
itive end-expiratory  pressure  in  weaning  patients  from  controlled 
ventilation:  a  prospective  randomised  trial.  Lancet  1975:2(7938): 
725-729. 

Jones  DP.  Byrne  P.  Morgan  C.  Eraser  I.  Hyland  R.  Positive  end- 
expiratory  pressure  vs  T-  piece:  exiubation  after  mechanical  venti- 
lation. Chest  I99I;I00(6):1655-I659. 

Hastings  PR.  Bushnell  LS.  Skillman  JJ.  Weinlraub  RM.  Hedley- 
Wh\le  J.  Cardiorespiraiory  dynamics  during  weaning  with  IMV  ver- 
sus spontaneous  ventilation  in  good-risk  cardiac-surgery  patients. 
Anesthesiology  1980:53(5):429-43l. 

Lee  KB,  Hui  KP,  Chan  TB.  Tan  WC.  Lim  TK.  Rapid  shallow 
breathing  (frequency-tidal  volume  ratio)  did  not  predict  extubation 
outcome.  Chest  1994:105(21:540-543. 

Mergoni  M.  Costa  A.  Primavera  S.  Salvadori  .-V.  Saccani  A.  Zuccoli 
P.  [Assessment  of  various  new  predictive  parameters  of  the  outcome 
of  mechanical  ventilation  weaning).  Minerva  Anesiesiol  1996:62(5): 
15.3-164.  (article  in  Italian) 

Leitch  EA.  Moran  JL.  Grealy  B.  Weaning  and  extubation  in  the 
intensive  care  unit:  clinical  or  index-driven  approach'^  Intensive  Care 
Med  l996:22(8):752-759. 

Epstein  SK.  Etiology  of  extubation  tailurc  and  the  predictive  value  of 
the  rapid  shallow  breathing  index.  .Am  J  Respir  Crit  Care  Med  1995; 
152(21:54.5-549. 

Epstein  SK.  Ciubolaru  Rl..  Inlliience  of  gender  and  endotracheal 
tube  size  on  preexlubation  breathing  pattern  Am  J  Respir  Crit  Care 
Med  1996:1.54(6  Pt  I):  1647-1652.  |Published  erratum  appears  in 
Am  J  Respir  Crit  Care  Med  1997  Jun:15.5(6):2l  I5| 
Yang  KL.  Tobin  MJ.  A  prospective  study  of  indexes  predicting  the 
outcome  of  trials  of  weaning  from  mechanical  ventilalion.  N  Engl 
J  Med  1 99 1:324(2 1):  144.5- 14.50. 

Krieger  BP.  Isbcr  J,  Breilenbucher  A.  Throop  G.  Ershowsky  P.  Serial 
measurements  of  the  rapid-shallow  -breathing  index  as  a  predictor  ot 
weaning  outcome  in  elderly  medical  patients.  Chest  1997:112(4): 
1029-10.34. 
.  Hilbert  G.  Gruson  D.  Ponel  L.  Vargas  F.  Gbikpi-Benissan  G.  Car- 
dinaud  JP.  Airway  occlusion  pressure  at  0.1  s  (P,,  ,1  after  extubation: 


1414 


Respiratory  Care  •  December  2001  Vol  46  No  12 


Weaning  ikoni  Mi;chanical  Ventii.ation:  Tin;  Evidence  from  Clinical  Research 


an  early  indicalor  of  posicMubadon  hypcrcapnic  respiralory  insuffi- 
ciency. liUCHMvc  Care  Med  1WS;:4|  i;):1277-1282. 

25.  Afessa  B.  Hogans  L.  Murphy  R.  Prediciinj;  .^-day  and  7-day  out- 
comes of  weaning  from  mechanical  venlilalion.  Chcsl  1999;!  16(2): 
456-461. 

26.  Khan  N,  Brown  .A.  Venkataranian  ST  Predictors  of  extubation  suc- 
cess and  failure  in  mechanically  ventilated  infants  and  children.  Crit 
Care  Med  lW6;24mi:  l.SdX- 1574, 

27.  Baumeisler  BL.  el-Khatib  M.  Smith  PG.  Blunier  JL.  Lvalualion  ol 
predictors  of  weaning  from  mechanical  ventilation  in  pediatric  pa- 
tients. Pediatr  Pulmonol  I997;24{5):344-.152. 

28.  Kliite  JL,  Zimnicki  GL.  Antonenko  DR.  Bander  JJ.  The  use  of  calcu- 
lated relative  inspiratory  effort  as  a  predictor  of  outcome  in  mechanical 
ventilation  weaning  trials.  Rcspir  Care  I9.S7;.^2|  l()):87()-876, 

29.  Ochiai  R.  Shimada  M.  Takeda  J,  Iwao  Y.  Fukushima  K.  Contribution 
of  rib  cage  and  abdominal  movement  to  ventilation  for  successful 
weaning  from  mechanical  ventilation.  Acta  Anaesthesiol  Scand  1993: 
37(2):  1 3 1-136. 

30.  Tahvanainen  J.  Salmenpera  M.  Nikki  P.  Hxtuhalioii  criteria  alter 
weaning  from  intermittent  mandatory  ventilation  and  continuous  pos- 
itive airway  pressure.  Crit  Care  Med  1983:1  l(y):702-707. 

3 1 .  Engoren  M.  Buderer  NF.  Zacharias  A.  Habib  RH.  Variables  predict- 


ing reinlubation  after  cardiac  surgical  procedures.  Ann  Ihorac  Surg 
l999;h7(3):W)U665. 

32.  Yang  KL.  Inspiratory  pressure/P,„,„,  ratio:  a  predictive  index  of  wean- 
ing outcome.  Intensive  Care  Med  l993:l9(4|:2()4-208. 

33.  el-Khatib  MF.  Baumeister  B.  Smith  PG.  Chatburn  RL.  Blumer  JL. 
Inspiratory  pressure/maximal  inspiratory  pressure;  docs  it  predict 
successful  extubation  in  critically  ill  infants  and  children?  Intensive 
Care  Med  1996:22(3 1:264-268. 

34.  Ely  EW.  Baker  AM,  Dunagan  DP.  Burke  HL.  Smith  AC.  Kelly  PT. 
et  al.  Effect  on  the  duration  of  mechanical  ventilation  of  identifying 
patients  capable  of  breathing  spontaneously.  N  Engl  J  Med  1996: 
335(25):IH64-1X69, 

35.  Strickland-JH  J,  Hasson  JH.  A  computer-controlled  ventilator  wean- 
ing system:  a  clinical  trial.  Chest  1 993;  103(4):  1220- 1 226. 

36.  Kollef  MH,  Shapiro  SD.  Silver  P.  St  Prentice  D,  Saucr  S.  Ahrens  TS. 
et  al.  A  randomized,  controlled  trial  of  protocol-directed  versus  phy- 
sician-directed weaning  from  mechanical  ventilation.  Crit  Care  Med 
l997;25(4);.567-574. 

37.  Marelich  GP,  Murin  S,  Battistella  F,  Inciardi  J,  Vierra  T,  Roby  M. 
Protocol  weaning  of  mechanical  ventilation  in  medical  and  surgical 
patients  by  respiratory  therapists  and  nurses:  effect  on  weaning  time 
and  incidence  of  ventilator-associated  pneumonia.  Chest  2000;  1 18(2); 
459^67. 


Discussion 

Durbin:  I'm  very  excited  about  ilic 
u.se  of  NPPV  as  a  weaning  tool.  I  no- 
ticed the  patients  were  all  COPD  pa- 
tients. I  think  that  needs  to  be  empha- 
sized. Also,  the  question  of  whether 
those  patients  were  at  the  same  point 
in  their  disease  at  the  time  of  entry 
seems  to  be  critical.  It  was  a  small 
group  of  patients  when  they  were  ran- 
domized. You  reviewed  those  stud- 
ies, and  1  haven't;  were  you  con- 
vinced that  the  same  groups  of 
patients  were  similar  at  entry?  This 
is  important  since  they  were  dramat- 
ically different  in  outcome,  a  fact 
that  surprises  me  quite  a  hit. 

Meade:  1  can't  recall  all  of  the  de- 
tails, but  there  were  some  issues  in 

baseline  similarities. 

Maclntyre:  Maureen,  thanks  fur 
your  summary  of  a  very  complex  doc- 
ument. You  guys  did  a  terrific  job  on 
that  thing.  Just  a  comment  on  the  2 
large  trials  that  compared  so-called 
weaning  modes:  the  Rrochard  and  the 
Esteban  trials.'  -  1  feel  ii  is  critical  to 
realize  that  tho.se  2  studies  did  noi  re- 


ally compare  modes,  but,  rather,  spe- 
cific ways  of  using  modes.  1  find  it 
misleading  to  say  pressure  support  was 
compared  to  SIMV.  A  type  of  pres- 
sure support,  a  specific  use  of  pres- 
sure support,  was  compared  to  a  spe- 
cific use  of  SIMV.  1  think  it's  difficult 
to  make  generalizations  about  a  mode 
from  data  derived  from  only  one  spe- 
cific way  that  the  particular  tnode  was 
used.  I  think  this  is  particularly  true  in 
the  way  the  T-pieces  were  used  in  the 
2  trials. 

The  Esteban  approach  was  lo  do  a 
daily  spontaneous  breathing  trial  and 
let  it  go  for  up  to  2  hours.  If  it  went 
for  2  hours,  they  were  ready  to  be 
e.xtubated.  .So  it  was  a  combination 
weaning  mode,  if  you  will,  but  it  was 
also,  really,  a  daily  assessment  of 
w  hether  the  patient  could  be  taken  off 
the  \cnlil;it(ir. 

In  contrasi,  the  Brochard  T-picce 
iipproach  was  much  more  traditional 
v\  eaning — very  short  periods  at  the  be- 
ginning that  got  longer  as  time  went 
by,  and  it  did  not  mandate  daily  wetin- 
ing  assessments.  If  you  look  at  il  on 
day  zero  when  they  start  the  trial,  it  is 
possible  in  the  Esteban  approach  to 
get  e.\tub;itcd  th;it  \ery  day  if  you  pass 


your  T-piece  trial,  but  it's  iinpossihle 
to  get  e.xtubated  in  the  Brochard  pro- 
tocol, because  you've  got  to  keep  dial- 
ing up  the  T-piece  trials  over  the  next 
24-4S  hours  before  you  can  finalK 
get  to  the  point  where  the  patient  can 
be  extubated.  So  that's  niy  long- 
winded  way  of  saying  that  I'm  not 
sure  it's  fair  to  pool  those  kinds  of 
studies  when  you  have  such  widely 
different  ways  of  using  the  mode. 
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Meade:  1  lake  your  criticism,  and 
accept  it.  particularly  for  the  use  of 
the  T-piece  weans  in  the  2  studies; 
they  were  different  and  some  ft)lks 
inight  have  valid  reservations  about 
pooling  it.  For  the  other  modes,  it's 
line  ih;ii  the  different  studies  would 
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use,  lor  inslance.  (.litTcrcnl  piDtocols 
for  wciiniiig  SIMV,  and  niighl  apply 
dit't'ercnl  criteria  I'or  extuhating  pa- 
tients t'roin  SIMV.  All  I  can  say  is  that 
in  liotii  studies  there  vsere  a  group  ol 
exjUMt  puimonars'  ph\sioie>gisis  who 
pul  together  what  they  thought  was 
the  best  SIMV  wean  in  one  study,  and 
equally  smart pulnionaiy  physiologists 
and  intensivists  put  together  the  other 
SIMV  wean.  I  think  it"s  reasonable  to 
poiil  the  data,  reeogni/ing  that  one 
SIMV  wean  may  be  a  little  better  than 
another  one. 

Durbin:  For  a  pt)inl  of  clarification. 
1  thought  that  ti)  get  into  the  Brochard 
stud),  the  candidates  had  to  be 
screened  w'nh  a  T-piece  trial,  and  in 
fact  75'^i  of  them  didn't  make  it  into 
the  weaning  trials  because  they  were 
able  to  be  immediately  extubated. 

Maclntyre:  That  was  true  tor  both 
trials. 

Durbin:  So.  in  fact,  they  already 
failed  the  daily  trial  before  they  en- 
tered into  the  process,  so  they  proba- 
bly weren't  tested  that  day.  They  were 
certainly  screened  the  day  before  for 
not  being  extubatable. 

Maclntyre:  But  on  the  next  day  the 
Esteban  trial  sort  of  did  it  again, 
whereas  in  the  Brochard  trial  you 
couldn't  get  to  that  stage  for  another 
24  to  48  hours.  So  there  was  an  in- 
herent lag  built  into  the  Brochard  trial. 

Picrson:*  I  just  want  to  support 
Neil's  caution  about  the  virtual  inev- 
itability of  introducing  bias  at  some 
conscious  or  subconscious  level.  Al- 
though I  agree  that  these  were  very 
prominent,  sophisticated  groups  de- 
signing the  studies,  it  remains  true  that 
the  study  that  found  the  T-piece  to  be 
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superioi  came  from  a  group  (or  at  least 
a  senior  author)  that  has  long  advo- 
cated T-piece  weaning,  and  the  study 
that  lound  pressure  support  to  be  su- 
perior came  from  a  group  that  had  long 
ad\()caled  pressure  support  weaning. 
This  is  not  to  imply  there  was  any 
deceptii)n  or  nefarious  intent,  but  to 
illustrate  how  very  difficult  it  is.  vsith 
so  manv  variables  involved  in  the 
set-up  of  all  these  different  protocols 
for  the  different  modes,  to  truly  level 
the  playing  field. 

Maclntyre:  Just  to  re-emphasize 
that,  when  you're  designing  these  tri- 
als. I  think  bias  is  going  to  happen 
because  the  approach  you  are  most 
comfortable  with  is  almost  always  go- 
ing to  be  the  one  you're  most  aggres- 
sive with.  In  contrast,  the  modes  and 
strategies  that  you're  less  comfortable 
with  will  lead  to  a  management  strat- 
egy that  is  a  little  more  cautious  and  ;i 
little  less  aggressive.  I  think  that's  w  hat 
happened  in  those  2  trials. 

Rubenfeld:  Two  comments.  First, 
the  issue  w  ith  Wes  Ely's  study:'  I  think 
an  important  and  sometimes  over- 
looked part  of  the  intervention  was  a 
direct  contact  by  the  respiratory  ther- 
apist to  the  physician.  I  think  it  was, 
in  part,  a  time-sensitive  reminder,  if 
you  will,  sort  of  built  into  that,  as  op- 
posed to.  you  know.  I  think  we  get  it 
confused  with  protocol-based  wean- 
ing, when  in  fact,  an  important  part 
was  a  timely  reminder. 

The  other  is  a  tnore  general  issue 
that  has  come  up  tiow  in  a  number  of 
our  conversations  about  pooling.  We 
all  felt  pretty  comfortable  yesterday 
v\  ith  pooling  drug  studies,  and  this  is 
v\hs  we're  so  jealous  of  the  cardiolo- 
gists, and  even  of  the  asthma  drugs. 
We're  sort  of  OK  with  pooling  drugs 
when  there  can  be  double  blinding. 
multiple  blinding,  and  it's  a  drug  dose, 
and  we're  pretty  clear  that  the  only 
difference  between  these  might  be. 
say.  the  dosing  or  the  potential  for  co- 
interventions.  But  when  we're  testing 
these   complicated   protocols — the 


weaning  protocol,  or  the  lung-protec- 
tive ventilation  protocols,  or  the  pron- 
ing  protocol — where  we're  not  even 
sure  which  aspect  is  the  dose  or  w  hich 
of  the  important  co-variates  might  be 
the  thing,  it  seems  much  more  diffi- 
cult to  decide  when  pooling  is  OK. 
Do  vou  see  what  I'm  getting  at:  the 
complexities  of  synthesizing  studies 
that  are  studies  of  complicated  proto- 
cols rather  than  studies  of  druiis'? 
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Guyatt:  I  thmk  th;it's  a  good  pi>int. 
The  question  is  what  are  the  alterna- 
tives? I  would  say  that  although  one 
could  have  reservations  about  pool- 
ing, pooling  is  liable  to  be  informa- 
tive. In  other  words,  if  results  are  all 
in  the  same  direction  and  pooling  re- 
sults in  an  unequivocal  effect  with  a 
narrow  confidence  interval,  you  are 
on  considcralylx  stronger  ground  than 
if  you  are  left  with  wide  pooling  con- 
fidence intervals  that  include  no  ef- 
fect. In  the  latter  situation,  we  have  to 
stop  and  think  very  carefully  about 
what  is  going  on.  particularly  when 
studies  are  stopped  early .  w  hich  I  think 
is  another  concern.  So  I  would  agree 
with  ycnir  reservations.  On  the  other 
iKind.  I  would  still  argue  that  pooling 
c;in  be  useful  with  the  appropriate  ap- 
proach and  a  priori  hypotheses  look- 
ing at  the  differences. 

Rubenfeld:  I  didn't  intend  my  com- 
ment to  me;in  that  it  was  a  bad  idea.  It 
just  seemed  to  me  to  raise  other  is- 
sues. .Again,  it's  another  place  where 
w  hat  the  EBM  consumers  want  is  this 
kind  of  black-and-white  response, 
which  I  think  is  clear.  It  just  seems 
that  when  we  pool  drug  studies  from  a 
jihysiologic  basis,  people  just  seem  to 
be  more  comfortable  with  it.  But  as 
you  start  to  pool  these  protocols,  if  the 
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pimlini:  doesn't  show  what  you  want 
it  lo  show .  (hcrv  is  a  londcncv  to  sa\ . 
lor  insiaiKw  that  it  was  the  t\pc  ol 
protocol  or  that  it  was  the  luimbci  ol 
hours  in  prone  position. 

(iii>att:  Ihai's  a  great  point,  but 
the  opportunistic  interpretation  can  be 
applied  to  the  drug  studies  as  well.  If 
you  look  at  tP.A  [tissue  plasminogen 
aelisatoil  \ersus  sticptokinase.  for  ni- 
stance.  nou  find  no  difference.  .And 
there  are  prominent  pei>pie  who  be- 
lies c  that  that's  the  appropriate  inter- 
pretation of  the  results.  But  because 
one  of  the  studies  just  reached  statis- 
tical significance  with  accelerated  tPA. 
that's  the  one  that  the  company  has 
successfully  managed  to  persuade  peo- 
ple is  the  one  that  the\  should  believe, 
and  to  reject  the  pooling.  So  if  you 
have  a  little  bit  of  difference,  a  little 


different  way  of  administering  the 
tirug.  exactly  the  same  issues  start  to 

get  niiKKluceil  nilo  meta-anaissis  of 
drugs. 

He.ss:  Some  of  these  trials  ha\  e  been 
erilici/ed  because  of  what  some  ha\e 
called  high  levels  of  reintubation.  Do 
you  have  any  sense  from  reviewing 
the  literature,  what  is  a  reasonable  re- 
intubation  rate?  The  Esteban  studies, 
for  example.  ha\e  been  criticized  by 
some  as  ha\ing  high  rvintuhalion 
rates.'  - 
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Meade:  The  rates  of  reintubation 
certainly  differed  across  the  studies. 
Antl  there  are  a  number  of  different 
types  of  simlies  that  we  evaluated.  I 
can't  give  vou  exact  \alues.  but  I'd 
say  reintubation  rates  ranged  in  some 
studies  of  spontaneous  breathing  tri- 
als from  approximately  57c  to  309{-.  I 
certainly  cannot  tell  you  what  is  a  rea- 
sonable reintubation  rate.  That'ssoine- 
thing  that  would  be  a  very  important 
area  of  research,  because  until  we  can 
standardize  physicians'  thresholds  for 
instituting  the  spontaneous  breathing 
trial  tests,  or  thresholds  for  extuba- 
tion.  then  all  of  this  research  results  in 
relati\eK  uninformati\e  data. 
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Why  Should  Obstructive  Sleep  Apnea  Be  Diagnosed  and  Treated? 

Mortality 

Morbidity 
How  Should  Obstructive  Sleep  Apnea  Be  Diagnosed? 

Issue  of  Resources 

Polysomnography  and  Recommendations  from  the  American  Academy 
of  Sleep  Medicine  Task  Force 

Alternative  Modes  of  Diagnosis 
How  Should  Obstructive  Sleep  Apnea  Be  Treated? 

Weight  Loss 

Mandibular  Advancement 

Continuous  Positive  Airway  Pressure 

Surgery 
Summary 

There  is  an  increasing  body  of  evidence  that  obstructive  sleep  apnea  (OSA)  affects  systemic  blood 
pressure  and  quality  of  life.  The  evidence  linking  OSA  with  other  types  of  cardiovascular  morbidity 
and  mortality  is  not  as  strong.  We  review  the  current  literature  on  the  health  impact,  diagnosis,  and 
treatment  of  OSA  and  provide  a  framework  for  evaluating  levels  of  evidence  in  each  of  these  areas, 
with  the  focus  on  high  quality  studies.  Clinical  prediction  rules  and  unattended  portable  monitoring 
devices,  such  as  digital  oximeters,  are  inexpensive  and  have  clinically  useful  likelihood  ratios, 
sensitivity,  and  specificity,  so  they  can  be  considered  clinically  useful  in  the  evaluation  of  individuals 
suspected  of  having  OSA.  This  approach  has  the  potential  to  change  the  probability  of  disease  in 
some  patients  to  a  level  at  which  polysomnography  is  unnecessary.  Recent  randomized,  placebo- 
controlled  trials  have  indicated  that  treating  OSA  with  continuous  positive  airway  pressure  im- 
proves quality  of  life,  driving  simulator  performance,  blood  pressure,  and  sleepiness.  The  evidence 
in  support  of  mandibular  advancement  is  less  strong,  and  surgical  measures  should  be  viewed  as  an 
option  only  after  continuous  positive  airway  pressure  and  mandibular  advancement  have  been 
considered,  given  the  paucity  of  evidence  to  support  surgery.  The  quality  of  research  done  on  the 
prognosis,  diagnosis,  and  treatment  of  OSA  has  improved  substantially  in  recent  years.  However, 
there  remains  a  need  for  additional  studies  that  evaluate  ambulatory  monitors  and  for  larger 
randomized  controlled  trials  of  therapy  with  longer  patient  follow-up  to  verif>  the  range  of  benefits 
that  OSA  patients  can  expect  from  the  various  treatment  modalities.  Key  words:  I'vUlcnce-hased 
medkmc.  ohstnwthe  sleep  apnea.  OSA.     [Respir  Care  2()()1;46(  12):  I41S-I432] 
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Introduction 

()bsliiicli\L'  viccp  .ipiica  lOSA)  is  ;i  ilisordcr  nl  bixMlli- 
ing  during  sleep,  ll  is  L'li;ii;iLtcri/cd  b\  periods  of  hreiitliinL; 
cessation  (apnea)  and  periods  of  reduced  brealhing  (h\- 
popnea).  Apnea  and  hypopnea  ha\e  similar  palhophysiol- 
og\  and  are  generalK  considered  ec|ual  with  respect  to 
their  impact  on  the  patient.'  These  breathing  disturbances 
are  caused  by  collapse  of  the  upper  airway  secondary  to 
relaxation  of  the  pharyngeal  dilating  muscles.  When  this 
occurs,  the  patency  of  the  upper  airway  cannot  be  de- 
fended against  the  suction  pressures  created  by  the  respi- 
ratory muscles  during  inspiration,  in  most  instances  the 
obstructise  event  is  terminated  by  an  arousal  from  sleep, 
lasting  only  seconds,  which  the  patient  is  almost  ne\er 
aware  of.  The  arousal  is  usually  associated  w  ith  a  marked 
increase  in  s\  nipathetic  tone  and  a  surge  in  blood  pressure. 
.Apneas  and  hypopneas  may  be  accompanied  by  decreases 
in  oxygen  saturation  of  20 — K)  mm  Hg  in  extreme  cases:  in 
mild  cases  the  decrease  in  oxygen  saturation  may  only  be 
trivial.  Physiologically,  the  severity  of  the  disease  is  most 
often  characteri/ed  b\  the  number  of  breathing  disturbances 
(apneas  -^  hypopneas)  per  hour  of  sleep,  termed  the  apnea- 
hypopnea  index  (AHl).  In  adilition  to  the  recunent 
breathing  disturbances  during  sleep.  OSA  is  characteri/ed 
by  oxygen  desaturations.  brief  arousals.  sleep  fragmenta- 
tion, and  increased  nocturnal  blood  pressure.  OSA  patients 
are  often  loud  snorers.  and  snoring  is  thought  to  be  a  use- 
ful marker  of  the  disease.  Patients  tiequentl)  complain  of 
unrefreshing  sleep,  excessive  daytime  sleepiness,  and  im- 
pairment in  cogniti\c  tasks  such  as  concentration  antl 
memoPv. 

There  is  debate  whether  OSA  is  associated  with  in- 
creased morhiditv  and  mortality.  The  current  evidence  is 
largely  based  on  retrospective  and  cross-sectional  studies, 
which  because  of  their  design  cannot  prove  causality.  A 
growing  body  of  evidence  supports  the  diagnosis  and  treat- 
ment of  OSA  because  effective  therapies  are  available  that 
can  reverse  the  disorder  and  often  result  in  improved  qual- 
ity of  life.  Ne\ertheless.  the  conclusions  that  can  be  drawn 
from  the  current  body  of  literature  are  limited  because 
there  is  a  paucity  of  well-conducted  randomized  controlled 
trials. 

Despite  growmg  acceptance  that  treating  OSA  mas  im- 
prove morbidity  and  quality  of  life,  the  majority  of  patients 
are  not  diagnosed  or  treated.  This  is  in  part  due  to  the  fact 
that  most  health  care  professionals  do  not  include  a  sleep 
assessment  in  taking  a  medical  history,  but  also  because 
the  health  care  costs  of  diagnosing  and  treating  OSA  are 
substantial.  Polysomnography,  the  reference  standard  test 
for  diagnosing  OSA.  is  expensive  and  labor  intensive,  which 
limits  its  widespread  use.  As  a  result,  efforts  ha\e  been 
made  toward  de\eloping  less  expensive,  yet  equally  effec- 
tive, case  finding  strategies  that  can  be  used  more  widely. 


Treatment  of  OSA  can  include  weight  loss,  oral  appli- 
ances, and  continuous  positive  airv\ay  pressure  (CPAP). 
Surgical  interventions  are  also  available,  but  are  generally 
reserved  for  those  who  have  failed  these  other  less  inva- 
sive therapies.  CPAP  is  the  most  effecti\e  method  of  treat- 
ing OSA.  but  low  compliance  remains  a  factor  with  many 
patients  who  try  it. 

Decisions  surrounding  the  management  of  OSA  patients 
depend  on  being  able  to  address  _^  fundamental  questions: 

1 .  What  are  the  risks  to  OSA  patients  if  left  untreated 
(prognosis)? 

2.  What  evidence  is  there  that  treatment  modifies  those 
risks> 

3.  Assuming  that  there  are  moditiable  risks,  what  is  the 
best  way  to  diagnose  OSA? 

Why  Should  OiistriKtivi'  Sleep  Apnea  He 
Diafjnosed  and  Treated? 

A  medical  disorder  is  important  to  diagnose  and  treat  if 
it  increases  the  risk  of  early  mortality  or  excess  morbidity 
or  reduces  quality  of  life  when  left  untreated.-  Addition- 
ally, it  is  important  that  the  treatments  have  been  shown  to 
do  more  good  than  harm,  thus  resulting  in  a  positive  effect 
on  mortality,  morbidity,  or  quality  of  life.  OSA  is  a  dis- 
order that  has  only  recently  been  described  and  is  in  many 
respects  in  its  infancy  with  respect  to  recognizing  the  im- 
pact it  has  on  patients.  For  clinicians  who  have  followed 
OS.A  patients  for  years  and  have  w  itnessed  patients  having 
repeated  apneas  accompanied  bv  alarming  degrees  of  ox- 
\gen  desaturation.  the  issues  of  potential  harm  to  patients 
and  benefit  from  treatment  seem  ob\ious.  As  a  result, 
many  feel  that  large  clinical  trials  are  not  needed.  How- 
ever, given  the  lack  of  well  designed  clinical  trials  to  date, 
it  has  become  a  challenge  for  clinical  sleep  medicine  re- 
searchers to  demonstrate  to  other  clinicians,  epidemiolo- 
gists, and  health  care  administrators  the  impact  of  this 
disorder  on  the  general  population. 

It  IS  known  from  large-scale  epidemiological  studies 
that  a  large  proportion  of  the  general  population  experi- 
ences breathing  disturbances  during  sleep.  The  estimated 
prevalence  depends  on  the  definition  of  OSA  that  is  used. 
One  of  the  challenges  in  this  field  is  determining  the  .AHI 
that  should  be  used  to  define  clinically  important  OSA.  If 
a  level  of  5  is  used,  then  24%  of  males  and  9'"'{-  of  females 
(age  .^0-60)  have  been  shown  to  meet  criteria  for  OSA.' 
Since  the  major  manifestation  of  OSA  is  excessive  day- 
time somnolence,  this  has  become  the  major  defining  cri- 
terion of  the  OSA  syndrome.  The  prevalence  of  OS.A  syn- 
drome in  that  same  population  is  4'(  of  males  and  2%  of 
females.' 

Published  reports  link  OSA  to  a  number  of  adverse 
health  outcomes,  including  systemic  hvpertension.  stroke, 
myocardial  infarction,  cardiac  arrhythmias,  motor  vehicle 
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accidents,  .iiid  iiuuialily.  It  is  possible  that  OSA  is  causal 
or  merely  a  marker  of  another  condition  that  is  the  true 
cause  of  morbidity  and  mortality.  For  example,  a  popula- 
tion of  OSA  patients  may  be  found  to  have  a  higher  prev- 
alence of  myocardial  infarction  than  a  cnntn>l  group  with- 
out OSA.  However,  it  is  possible  that  the  OSA  patients  are 
more  obese  and  have  higher  blood  pressures  than  the  con- 
trols, thus  implicating  systemic  hypertension  as  the  causal 
factor  for  the  higher  myocardial  infarction  rate. 

For  a  disorder  such  as  OSA  to  be  linked  to  these  types 
of  adverse  outcomes,  it  is  critical  to  look  at  the  quality  of 
the  evidence.  The  most  conclusive  type  of  study  to  show 
causality  is  a  randomized  trial  in  which  a  cohort  of  patients 
is  randomized  to  receive  either  no  treatment  or  treatment 
that  completely  reverses  the  condition.  The  2  groups  should 
be  large  enough  so  that  potentially  confounding  factors 
such  as  hypertension,  obesity,  smoking  status,  and  diabe- 
tes are  equally  distributed  among  them.  When  the  groups 
are  followed  over  time  it  can  be  determined  if  the  un- 
treated group  has  a  statistically  higher  incidence  of  ad- 
verse outcomes,  in  which  case  a  causal  relationship  could 
be  inferred.  This  type  of  study  would  probably  not  be 
ethical  and  has  never  been  done. 

In  the  absence  of  this  type  of  study,  the  next  best  type 
of  evidence  is  a  cohort  study;  a  group  of  subjects  repre- 
sentative of  the  general  population  that  is  followed  over 
time  to  see  what  type  of  adverse  outcomes  they  develop. 
Participants  in  clinical  trials  may  also  be  followed  over 
time;  howe\er,  they  are  often  not  representative  of  the 
general  population  and  thus  the  findings  of  such  studies 
may  not  be  generalizable.  It  is  also  possible  to  collect 
cases  of  individuals  who  already  have  an  adverse  outcome 
(eg,  myocardial  infarction)  and  compare  them  with  a  series 
of  controls  that  do  not  have  the  adverse  outcome.  In  these 
"case-control"  studies  both  the  cases  and  the  control  groups 
are  analyzed  for  the  prevalence  of  a  prognostic  factor  (eg, 
sleep  apnea).  This  type  of  study  is  problematic  because 
there  is  potential  for  bias  in  the  selection  of  cases  and 
controls  and  because  known  confounding  factors  may  not 
be  adequately  controlled.  Even  if  the  study  design  is  rig- 
orous and  all  known  confounding  factors  are  controlled. 
there  may  still  be  other  unsuspected  factors  that  are  not 
taken  into  account,  thus  leading  to  erroneous  conclusions 
about  causality. 

A  number  of  questions  have  been  suggested  to  evaluate 
the  validity  of  published  studies  that  report  results  on  priig- 
nosis.  The  questions  have  been  separated  into  priniar\  and 
secondary  guides'*^  (Table  1). 

Mortality 

In  1497  Wright  et  al''  systematically  reviewed  the  liter- 
ature on  the  health  effects  of  sleep  apnea.  There  were  6 
studies  that  examuied  the  possible  impact  of  OSA  on  mor- 


Table  I        Guides  and  Grading  System  tor  Evidence  About  Prognosis 
ot  Sleep  Apnea 

Primary  Guides* 

1.  Was  there  a  representative  and  vvell-delined  sample  of  patients 
who  were  at  similar  point.s  in  the  course  of  the  disease? 

2.  Was  follow-up  sufficiently  long  and  complete? 
Secondary  Guides* 

1.  Were  objective  and  unbiased  outcome  criteria  used? 

2.  Was  there  adjustment  for  important  prognostic  factors? 

Evidence  Grading  Systemt  (quality  of  evidence  in  studies  reporting 
data  on  prognosis) 
Level  la.  A  systematic  review  of  studies  (all  of  which  showed 

consistently  similar  results)  that  used  an  inception  cohort 

(prospective  studies) 
Level  lb.  An  individual  study  of  an  inception  cohort  with  a  80% 

follow-up 
Level  2a.  A  systematic  review  of  either  retrospective  cohort  studies 

or  untreated  control  groups  in  a  randomized  controlled 

trial  (all  of  which  showed  consistently  similar  results) 
Level  2b.  A  retrospective  cohort  study  or  an  untreated  control 

group  in  a  randomized  controlled  trial 
Level  3.     No  methodology  specified 

Level  4.     Case  series  and  poor  quality  prognostic  cohort  studies 
Level  5.     Expert  opinion  without  explicit  critical  appraisal 


*  Adapted  from  Reference  4. 
tAdapted  from  Reference  S 


tality.  Three  of  the  studies  were  prospective  cohorts  of 
elderly  subjects,  many  with  substantial  comorbidity.  The 
results  did  not  indicate  a  consistent  relationship  to  mortal- 
ity, especially  when  controlled  forcomorbid  illness.  Of  the 
3  studies  in  younger  subjects,  one  had  no  control  group 
and  the  second  showed  no  difference  in  all-cause  mortality 
between  the  OSA  and  control  groups.  The  third  failed  to 
report  the  duration  of  follow-up.  used  self-reported  data  on 
death,  and  failed  to  control  for  pre-existing  morbidity  or 
other  potential  confounders  such  as  body-mass  index. 
Therefore  the  data  on  mortality  is  of  low  quality  (Level  4 
evidence)  and  shows  conflicting  results.  Thus,  at  this  time 
it  is  not  possible  to  justify  recommending  treatment  for 
OSA  on  the  basis  of  reducing  mortality. 

Morbidity 

Cardiovascular  Disease.  When  the  same  authors'*  crit- 
ically reviewed  the  association  of  OSA  and  heart  disease 
(arrhythmias,  cardiac  ischemia,  left  ventricular  hypertro- 
phy ).  similar  conclusions  were  reached.  Studies  that  looked 
at  cardiac  arrhythmias  either  showed  no  relationship  with 
OSA  or  were  retrospective  case  series  (Level  4  evidence). 
The  3  studies  that  showed  a  relationship  between  OSA  and 
ischemic  heart  disease  were  also  low  quality  (Level  4  ev- 
idence) because  they  failed  to  control  for  important  con- 
founders.  Similar  problems  exi.st  for  studies  examining  the 
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associations  hctween  OSA  and  both  pulmonary  hyperten- 
sion and  stroke.  Most  of  those  studies  were  cross  sectional 
anil  did  not  control  lor  jiotentiaily  confounding  variables. 
Since  IM97  there  lia\e  been  no  studies  published  rated 
as  Level  2  evidence  or  higher.  Ihus.  at  the  present  time, 
based  on  the  available  research  evidence,  it  would  be  dit- 
t'iculi  to  conclude  that  OSA  is  causally  linked  to  excess 
niortalitN  or  to  niait)r  cardiovascular  or  cerebrovascular 
morbidity. 

Systemic  Hypertension.  It  has  been  documented  that 
OSA  patients  have  elevated  blood  pressure  during  sleep, 
especially  at  the  times  of  arousal  from  sleep  that  terminate 
apneic  events.  This  is  thought  to  be  secondary  to  increased 
sympathetic  nei^e  activity.  Animal  models  have  shov\n 
that  intermittent  hypo.xia  or  intermittent  airway  occlusion 
not  only  causes  hypertension  during  sleep  but  also  sus- 
tained hypertension  during  the  day.'  However,  in  human 
epidemiologN  studies  the  relationship  between  OSA  and 
hspertension  is  difficult  to  study  because  of  multiple  con- 
founding variables  such  as  obesity  and  alcohol  consump- 
tion that  are  difficult  to  control  because  of  their  high  prev- 
alence. The  studies  that  were  reviewed  by  Wright  et  al'' 
were  cross  sectional  (Level  4  evidence)  and  reported  con- 
nicting  results.  Many  of  the  studies  did  not  control  for 
smoking,  alcohol,  or  use  of  antihypertensive  medications. 
In  a  very  large,  community-based,  cross-sectional  studs 
the  presence  of  OSA  (AHI  ^  .^0)  had  an  odds  ratio  for 
hypertension  of  1 .37  (p  =  0. 005)  after  controlling  for  body- 
mass  index,  neck  circumference,  alcohol  intake,  smoking, 
and  sex.'*  In  the  only  prospective  study  to  date  (Level  I 
evidence),  a  dose-response  relationship  was  found  between 
the  severity  of  OSA  at  baseline  and  the  odds  of  developing 
hypertension  4  years  later.'^  The  odds  ratios  were  con- 
trolled for  known  confounding  factors  such  as  baseline 
hypertension  status,  body-mass  index,  neck  and  waist  cir- 
cumference, age.  sex.  alcohol  use.  and  cigarette  consump- 
tion. The  odds  ratios  ranged  frt)ni  1.42  for  AHls  of  0.1- 
4.9.  up  to  2.89  for  AHIs  >  15.0.  That  was  the  first  cohort 
study  that  strongly  suggested  causality  between  sleep  ap- 
nea and  hypertension. 

Motor  Vehicle  .Accidents.  Wright  et  al"  reviewed  6  cross- 
sectional  studies  reporting  an  association  between  OSA 
and  motor  vehicle  accident  rates.  The  studies  failed  to 
control  for  potentially  confounding  variables,  and  some  of 
them  relied  on  self-reports  of  accidents.  In  the  Wi.sconsin 
Sleep  Cohort  Study,  the  association  between  OSA  and 
motor  vehicle  accident  rates  (using  state  driving  statistics) 
was  significant  only  among  men.  A  dose-response  rela- 
tionship could  not  be  shown,  but  the  odds  ratio  for  a  motor 
vehicle  accident  was  3.0  for  AHI  >  5.'"  Thus,  at  the 
present  time  the  evidence  is  weak  that  OSA  is  a  risk  factor 
for  motor  vehicle  accidents.  Althousih  there  are  numerous 


studies  showing  a  relationship  between  OSA  and  reduced 
driving  simulator  performance,  the  relevance  of  those  find- 
ings to  estimating  the  risk  of  an  OSA  patient  having  a 

motor  vehicle  .iceideni  is  unknown. 

Quality  of  Life.  The  most  v\idel\  used  methoti  ol  eval- 
uating quality  of  life  is  a  shortened  version  of  the  Medical 
Outcomes  Study  Short  Forin  36  (SF-36).  which  has  36 
questions"  and  is  divided  into  8  domains  covering  a  broad 
range  of  quality  of  life  issues.  It  was  designed  to  be  ap- 
plicable to.  and  therefore  allow  comparison  between,  a 
wide  range  of  people  with  different  conditions.  The  SF-36 
evaluates  both  mental  and  physical  states  and  measures 
them  in  several  ways,  including  behavioral  and  physical 
functioning,  social  and  role  disability,  and  perceived  well 
being."  There  are  8  dimensions  in  the  SF-36.  each  with  u 
unique  scale  and  weighting  system: 

1.  Physical  functioning 

2.  Role  limitations  due  to  physical  health 

3.  Bodily  pain 

4.  Social  functioning 

5.  General  mental  health 

6.  Role  limitations  due  to  emotional  problems 

7.  Vitality 

8.  General  health  perceptions 

The  Wi.sconsin  Sleep  Cohort  Study  (a  large-scale  epi- 
demiology investigation  of  working  adults)  found  that  OSA 
patients  had  lower  scores  on  several  of  the  SF-36  domains 
after  statistical  adjustment  for  age.  gender,  body-mass  in- 
dex, and  cardiovascular  conditions.'-  Six  of  the  domains 
(mental  health,  vitality,  physical  functioning,  role  limita- 
tions due  to  physical  health,  social  functioning,  and  gen- 
eral health  perceptions)  showed  a  progressive  decrement 
in  scores  in  subjects  with  AHI  >  5,  compared  to  those 
with  AHI  <  5.  The  mean  decrements  for  an  .AHI  of  5 
ranged  from  2.7  ±  1.2  to  4.9  ±  1.2;  for  an  AHI  of  15  the 
range  was  from  4.2  ±  1.9  to  7.5  ±  3.6;  and  for  an  AHI  of 
30  the  range  was  from  5.2  ±  2.4  to  9.3  ±  4.5.  These 
decrements  are  similar  to  those  seen  for  other  chronic 
conditions  such  as  diabetes,  arthritis,  angina,  and  hyper- 
tension. 

A  study  of  95  OSA  patients  referred  to  a  sleep  center 
found  lower  .scores  in  inost  SF-36  domains  (but  in  partic- 
ular in  role-physical,  vitality,  and  role-emotional)  in  that 
study  group  than  the  mean  scores  of  a  general  popula- 
tion. ' '  They  were  also  found  to  improve  with  CP.AP.  al- 
most back  to  the  general  population  mean  \alues.  The 
profile  of  the  SF-36  domains  in  OSA  patients  is  slightly 
different  than  that  of  patients  with  other  serious  underlying 
medical  conditii)ns.  but  the  percentage  decline  is  of  the 
same  order  of  magnitude.  In  uncontrolled  intervention  stud- 
ies there  is  always  a  possibilitv  that  some  of  the  improve- 
ment is  a  placebo  response.  In  a  randomized,  placebo- 
controlled  crossover  study  of  34  patients  with  mild  OSA 
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(AHI  5-15).  Englcman  ol  al  obscr\cd  moan  imprincniL-nts 
in  SF-3h  domain  scores  of  7-25  in  paticnls  on  CPAP. 
compared  to  baseline,  versus  0-17  in  patients  on  placebo, 
compared  to  baseline. '■*  The  largest  differences  between 
CPAP  and  placebo  were  seen  in  role-physical,  bodily  pain, 
social  function,  and  vitality.  This  was  an  unbluided  study 
because  the  placebo  was  an  oral  tablet:  therefore  the  pos- 
sibility of  bias  still  exists.  In  a  more  recent  stud\.  in  which 
therapeutic  CP.AP  was  compared  to  placebo  (subtherapeu- 
tic) CPAP.  the  vitality  domain  and  the  general  health  do- 
main showed  statistically  significant  differences  between 
the  groups.'^  To  date  there  arc  no  SF-.^6  data  reported  on 
an  inception  cohoii.  Fluis.  there  are  no  Level  I  studies,  but 
there  are  two  Level  2b  studies  that  provide  strong  evidence 
that  OS.A  affects  quality  of  life. 

How  Should  Obstructive  Sleep  Apnea  Be  Diagnosed? 

Issue  of  Resources 

Despite  the  high  prevalence  of  OSA  in  the  general  pop- 
ulation, the  majority  of  individuals  with  OSA  go  unrec- 
ognized by  the  medical  community.  Data  from  the  Wis- 
consm  Sleep  Ct)hort  study  indicate  that  9y/c  of  women 
and  82%  of  men  with  moderate  to  severe  OSA  ha\e  not 
been  diagnosed.'"  Several  factors  contribute  to  this  prob- 
lem. Many  physicians  are  not  trained  to  conduct' '  and  thus 
do  not  routinely  include  a  sleep  assessment."*  The  classic 
description  of  an  OSA  patient  is  the  obese  middle-aged 
male  who  is  sleepy  and  snores,  but  that  can  be  misleading 
because  not  all  OSA  patients  are  overweight,  and  sleepi- 
ness and  snoring  occur  frequently  in  the  general  popula- 
tion. Furthermore.  OSA  is  more  common  among  women 
than  previously  suspected.'"  and  the  disorder  is  increas- 
ingly beuig  recognized  in  the  elderh-"  and  in  children.-' 

Compounding  the  issues  of  high  prev  alence  and  under- 
recognition  is  the  high  cost  associated  v\  ith  diagnosing  and 
treating  OSA  patients.  This  in  turn  needs  to  be  weighed 
against  the  possible  excess  use  of  health  care  resources  by 
undiagnosed  OSA  patients,  A  recent  siudv  found  that  OSA 
patients  consinne  approximatcK  twice  as  manv  health  care 
dollars  as  do  age-  and  gender-matched  controls.--  Llnfor- 
tunately.  that  retrospective  cohort  siudv  dul  not  control  tor 
anv  polentiallv  confotmding  variables  such  as  obesity,  co- 
morbid  illness  (eg.  Iivpertension  or  ischemic  heart  dis- 
ease), or  cigarette  or  alcohol  consumption,  rhcrefoie.  con- 
firmatory ev  idence  from  a  prospective  cohort  studv  is  still 
required  before  a  definite  conclusion  can  be  drawn  abiuil 
sleep  apnea  patients'  use  of  health  resources. 

Currentiv .  the  accepted  standard  diagnostic  test  for  OSA 
is  overnight  polysomnographv  (PSCj).  PS(i  is  expensive 
and  labor  intensive  and  bv  current  standaids  requires  pa- 
tients to  sleep  overnight  in  an  unlanuliar  sleep  lahoratorv . 
Health  care  budgets  in  many  jurisdictiiins  have  not  accom- 


moilated  the  need  lor  widespread  use  of  PSG.  so  waiting 
lists  for  diagnostic  ev  aluation  in  sleep  laboratories  are  of- 
ten very  long.  This  raises  the  obvious  question  of  who 
should  undergo  PSG  testing.  The  American  Sleep  Disor- 
ders Association  Standards  of  Practice  Committee  recom- 
mends the  use  of  PSG  in  the  following  situations: 

1.  Diagnosis  of  patients  suspected  of  having  sleep-re- 
lated breathing  disiirders 

2.  CPAP  titration 

3.  Preoperativclv.  in  OSA  patients  scheduled  to  undergo 
laser-assisted  uvulo|ialalophar\ngoplasty 

4.  Follow-up  of  patients  treated  with  intraoral  appli- 
ances or  following  surgery 

5.  For  leevaluation  of  CPAP-treated  patients  after  sub- 
stantial weight  loss  or  gain  or  if  symptoms  recur  despite 
good  initial  response  to  CPAP-'' 

Polysomnography  and  Recommendations  from  the 
American  Academy  of  Sleep  Medicine  Task  Force 

Although  a  full  polysoninogram  that  records  apneas  and 
hypopneas  during  sleep  is  considered  by  most  to  be  the 
reference  standard  for  diagnosing  OSA.  there  is  a  large 
degree  of  variability  in  event  definition  between  clinical 
and  research  labs.--*  This  has  led  to  many  investigators 
questioning  how  ""gold"  the  standard  really  is.  Recommen- 
dations for  how  to  score  apneas  and  hypopneas  and  in 
particular  w  hat  technology  to  use  to  record  breathing  dis- 
turbances during  sleep  have  recently  been  published.'  It  is 
hoped  that  if  investigators  use  similar  definitions  there  will 
be  a  better  opportunity  for  comparing  results  between  stud- 
ies. One  of  the  major  recommendations  was  to  use  nasal 
pressure  as  an  estimate  of  air  tlow  or  the  sum  of  respira- 
ior\  impedance  plethysmography  as  an  estimate  of  tidal 
volume  to  define  breathing  events,  rather  than  a  thermistor. 
Thermistors  are  widely  used  in  sleep  labs,  but  there  is  a 
nonlinear  relationship  between  the  tlow  signal  generated 
from  a  thermistor  (which  is  based  on  changes  in  air  tem- 
perature) and  true  tlow  measured  by  a  pneumotachograph, 
riuis.  current  iccimimendations  are  to  use  a  pneumotacho- 
graph, nasal  pressure,  or  respiratory  impedance  plethys- 
mography to  define  events  (if  there  is  a  >  50%  decline 
from  baseline  for  >  10  s).'  In  the  situation  in  which  there 
is  a  discernible  decrease  in  one  of  these  signals  but  it  does 
not  meet  the  >  50%  criterion,  then  it  is  recommended  that 
an  event  be  scored  if  it  is  associated  with  a  decrease  in 
oxygen  saturation  of  ^  3%  or  an  arousal  from  sleep  last- 
ing s  3  seconds.'  These  criteria  closelv  match  those  used 
in  the  Wisconsin  Sleep  Cohort  Study,  in  which  there  is 
published  data  linking  AHI  to  adverse  health  out- 
comes.'"""- However,  it  is  still  not  possible  to  state  with 
certamtv  the  miiiumim  .'XHI  above  which  patients  should 
be  considered  lo  have  OSA.  Commonly  used  cutoffs  in  the 
published  literature  are  AHI  >  5.  10.  and  15. 
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AlterniitiM-  Modfs  (if  Diagnosis 

Because  of  the  expense  of  and  icchniLul  expertise  needed 
to  Londucl  PSCi.  a  number  o\'  allcinali\e  iliaynoslic  nio- 
daliiios  have  been  pinposed.  BroadI).  these  include  partial 
channel  I'SCi.  ambulators  monitory  devices  (including 
o\nnelr\ ),  i.|uestioiiiiaiies.  and  clinical  preiliction  rules. -^ 
111  1992  Douglas  et  al  found  that  the  clinical  decisions  they 
made  based  only  on  the  respiratory  channels  from  a  poly- 
somnogram  (ie.  without  the  electroencephalograph,  clec- 
Irooculograni,  and  electromyogranis)  were  not  different 
than  the  decisions  made  with  review  of  the  full  polysom- 
nogram.-''  Many  studies  ha\e  subsequently  been  published 
that  have  tried  to  evaluate  different  types  of  monitoring 
devices  that  have  been  proposed  to  replace  full  PSG  for 
diagnosing  OSA. 

As  for  studies  on  prognosis,  there  are  important  ques- 
tions that  help  to  evaluate  the  e\idence  from  diagnostic 
studies.-''-'*  These  have  been  separated  into  primary  and 
secondary  guides  (Table  2). 

In  clinical  medicine,  diagnostic  tests  are  performed  to 
determine  if  a  target  disorder  is  present  or  absent.  Often 
there  is  a  reference  or  accepted  standard  test  that  ideally 
would  be  performed  on  all  patients  suspected  of  having  the 
disorder  in  question.  Theoretically,  this  would  perfectly 
separate  patients  into  those  who  ha\  e  the  disease  and  those 
who  do  not.  However,  a  reference  standard  test  may  not  be 
available,  may  be  too  costly,  or  may  pose  risk  to  the  pa- 
tient. In  these  circumstances,  surrogate  diagnostic  tests  are 
required  as  substitutes  for  the  reference  standard. 

A  "test  result"  can  be  the  answer  to  a  question  about 
medical  history,  a  physical  exam  observation,  or  the  result 
of  a  laboratory  test.  For  example,  we  could  ask.  What  is 
the  sensitivity  and  specificity  of  the  symptom  of  snoring 
for  the  diagnosis  of  sleep  apnea? 

The  operating  characteristics  of  tests  are  often  summa- 
rized as  sensitivity  (the  proportion  of  patients  with  disease 
who  have  a  positive  test  result;  the  "true  positive"  rate) 
and  specificity  (the  proportion  of  patients  without  disease 
who  have  a  negative  result:  the  "true  negative"  rate).  Us- 
ing .sensitivity  and  specificity  to  describe  the  utility  of  a 
diagnostic  test  has  liinitations,  since  they  indicate  the  prob- 
ability that  the  test  result  will  be  positive  if  ihc patient  has 
the  disease  and  the  probability  that  the  test  will  be  nega- 
tive //  the  patient  does  not  have  the  disease.  Clinicians 
cannot  apply  these  numbers  directly,  because  they  do  not 
know  whether  the  patient  has  the  disease.  What  the  clini- 
cian needs  to  know  is  the  probabilitv  ihai  the  paiieni  ac- 
tually has  the  disease  //the  test  is  pt)sitive.  refeired  to  as 
the  positive  predictive  value  or  post-test  probability  of 
disease.  The  sensitivitv  and  specificity  are  given  by  ana- 
lyzing the  vertical  columns  of  a  matrix,  such  as  in  Figure 
1.  whereas  the  positive  and  negative  predictive  values  are 
obtained  by  analyzing  the  horizontal  rows.  Sensitivity.  spec- 


Table  2.      Guides  and  Grading  System  for  Evidence  Aboul  Diagnosis 
of  Sleep  Apnea 

Primary  Guides'* 

1.  Was  (here  an  independcni.  blind  comparison  wiih  a  reference 
standard'.' 

2.  Did  the  patient  sample  include  an  appropriate  spectrum  of 
patients  to  whom  llie  diagnostic  lest  will  be  applied  in  clinical 
practice.' 

Secondary  Guides" 

1.  Did  the  results  of  the  test  being  evaluated  influence  the  decision 
to  perform  the  reference  standard? 

2.  Were  the  methods  for  performing  the  test  descrit)ed  in  sufficient 
detail  to  permit  replicalion'.' 

Evidence  Grading  Svstemt  (quality  of  evidence  in  studies  reporting 

data  on  prognosis) 
Level  la.  A  systematic  review  of  Level  1  diagnostic  studies  (all  of 

which  showed  consistently  similar  results) 
Level  lb.   .\n  individual  study  that  had: 

i)  an  independent  blind  comparison  with  a  reference 

standard  test 
ii)  an  appropriate  spectrum  of  consecutive  patients 
iii)  all  patients  have  undergone  both  the  diagnostic  test  and 

the  reference  standard 
iv)  the  diagnostic  test  had  high  sensitivity  and  high 

specificity  or  a  very  high  likelihood  ratio  for  one  level 
of  a  diagnostic  test  result  and  a  very  low  likelihood  ratio 
for  another  level+ 
Level  2a.  A  systematic  review  of  Level  s  2  diagnostic  studies  (all  of 

which  showed  consistently  similar  results) 
Level  2b.  .\n  individual  study  that  had: 

i)  an  independent  blind  comparison  with  a  reference 

standard  test 
ii)  hut  had  a  narrow  spectrum  of  patients  or  used 

nonconsecutive  patients 
iii)  all  patients  underwent  bolh  the  diagnostic  test  and  the 
reference  standard 
Level  .^.     An  independent  blind  comparison  of  an  appropriate 

spectrum,  but  the  reference  standard  was  not  applied  to  all 
study  patients 
Level  4.     The  reference  standard  was  not  applied  independenlly  or 

applied  blind 
Level  5.     E.\pert  opinion  without  explicit  critical  appraisal,  or  ba.sed 
on  physiology,  bench  research,  or  first  principles 


•Adapletl  fmni  Rcfc^cncc^  TJ  and  38. 

t.Adapied  from  Reference  5. 

tThc  >ensilivi(y  h.xs  to  be  high  enough  thai  a  negative  result  lor  the  likelihood  ratio  small 

enough  for  a  level  of  the  diagnostic  test  result)  confidently  rules  out  the  disorder  and  the 

specificity  i.s  high  enough  that  a  positive  result  tor  the  likelihood  ratio  large  enough  for  a  level 

of  the  diagnostic  test  resultl  confidently  rules  in  the  diagnosis. 


ificity.  prevalence  (or  pre-test  probability),  and  predictive 
values  provide  valuable  information  about  a  diagnostic 
test;  however,  it  can  be  a  challenge  to  interpret  several 
different  numbers  that  describe  the  operating  characteris- 
tics of  a  test.  A  superior  approach  is  to  calculate  a  single 
number  (the  likelihood  ratio)  that  directly  relates  how  good 
a  test  is  for  increasing  or  decreasing  the  probability  of 
disease.  For  a  iziven  level  of  diagnostic  test  result,  a  like- 
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Fig.  1.  Hypothetical  example  comparing  a  reference  standard  test  (RS)  to  a  surrogate  diagnostic  test  (DT).  In  this  example  the  prevalence 
is  200/1.000  or  20%  in  panel  A  and  40%  in  panel  B.  The  sensitivity  is  90%  and  the  specificity  is  88%  in  both  A  and  B;  yet  the  positive  and 
negative  predicitive  values  in  A  are  64%  and  97%  respectively  but  in  B  they  are  83%  and  93%.  +ve  =  positive,  -ve  =  negative.  (From 
Flemons  WW.  Whitelaw  WA.  Clinical  features  of  obstructive  sleep  apnea.  In:  McNicholas  WT,  Phillipson  EA.  eds.  Breathing  disorders  in 
sleep.  London:  WB  Saunders:  2002.  with  permission.) 


lihood  ratio  reflects  the  pruportion  of  patienLs  with  the 
disease  compared  to  those  without.  It  is  possible  to  calcu- 
late likelihood  ratios  for  multiple  levels  of  a  diagnostic  test 
result.  This  is  an  ad\  antage  o\  er  the  approach  of  sensiliv- 
it\  and  specificity,  which  requires  separating  a  diagnostic 
result  into  only  positi\e  or  negative  results.  If  a  patient 
undergoes  a  test  and  gets  a  result  associated  with  a  like- 
lihood ratio  of  1,  this  indicates  the  patient  is  no  more  likely 
to  ha\  e  the  disease  in  question  than  he  or  she  was  prior  to 
having  the  test.  If  the  patient' s  test  result  was  associated 
with  a  likelihood  ratio  of  0.5.  he  or  she  is  one  half  as  likely 
to  have  the  disease.  Generally,  likelihood  ratios  of  <  0.2 
and  >  10  have  a  very  large  impact  on  changing  the  prob- 
ability of  disease.  (Table  3  summarizes  the  information 
about  clinical  features  for  diagnosing  sleep  apnea  using 
likelihood  ratios.) 

A  test  with  a  high  sensitivity  (or  very  low  likelihood 
ratio)  is  required  to  rule  out  a  diagnosis,  whereas  a  test 
with  a  high  specificity  (or  a  very  high  likelihood  ratio)  is 
required  to  rule  in  a  diagnosis:  an  ideal  test  does  both. 
Sensiti\  it\/spccificity  and  likelihood  ratios  modify  the  pre- 
test probability  of  disease  to  a  new  value  (post-test  prob- 
ability). The  pre-test  probability  is  essentially  the  preva- 
lence of  the  disease  in  the  patient  population  under 
consideration.  To  attach  a  meaning  to  a  positive  test  result, 
it  is  clearly  necessar\  lo  know  the  prevalence  or  pre-test 
probability.  This  can  be  measured  simply  by  applying  the 
reference  diagnostic  test  to  a  population  of  patients  to 
determine  the  percentage  of  patients  with  the  disease.  As 
long  as  future  patients  are  drawn  from  the  same  popula- 
tion, this  pre-test  probabilil\  is  \alid. 

A  second  method  of  determining  pre-test  probability  is 
simply  to  take  an  estimate  made  by  experienced  clinicians. 
For  this  one  must  assume  that  the  clinicians  in  question 
have  a  broad  enough  experience  base  lo  enable  them  to 
gi\e  an  accurate  estimate  of  the  likelihood  that  the  patients 
in  question  have  the  liiscasc. 

Young  et  al  tound  the  prevalence  of  AHl  >  15  in  the 
general  adult  population  (age  30-60  years)  to  be  4.0''r  in 
females  and  *■).  I  '/i  in  males.'  These  would  be  appropriate 


numbers  to  use  in  a  primary  care  setting.  In  populations  of 
patients  currently  being  referred  to  sleep  centers  because 
of  sleep-related  complaints,  the  prevalence  of  sleep  apnea 
is  much  higher;  between  40  and  609^. 

Using  sensitivity  and  specificity  for  clinical  decision 
making  requires  that  a  test  result  be  categorized  simply  as 
either  positive  or  negative.  Many  disorders,  including  OSA. 
are  not  "yes  or  no"  conditions.  Instead,  there  is  a  contin- 
uous gradation  in  the  test  result  (such  as  respiratory  dis- 
turbance index)  from  zero  to  a  large  number,  wherein  the 
higher  the  value  the  more  likely  it  is  that  a  patient  suffers 
from  the  disorder  or  has  important  health  impairment.  A 
lot  of  information  is  lost  by  calling  a  test  result  simply 
"positive"  or  "negative."  This  limitation  can  be  partly 
avoided  by  classifying  test  results  into  multiple  categories 
such  as  "negative."  "mild."  "moderate."  or  "severe."  In 
this  case,  post-test  probabilities  for  each  category  are  cal- 
culated using  likelihood  ratios.  As  an  example,  a  likeli- 
hood ratio  of  2.0  indicates  that  a  patient  with  a  positive 
diagnostic  test  is  twice  as  likely  to  have  the  disease.  Ratios 
less  than  one  change  the  pre-test  probability  to  a  lower 
value,  whereas  ratios  greater  than  I  change  the  pre-test 
probability  to  a  higher  value. 

Mathematically,  when  using  likelihood  ratios  to  convert 
pre-test  to  post-test  probabilities,  the  pre-test  probability 
estimate  must  be  converted  to  an  odds  expression  (pre-test 
odds  =  pre-test  probability/1  -  pre-test  probability)  mul- 
tiplied by  the  likelihood  ratio  to  obtain  the  post-test  odds 
that  can  then  be  converted  back  to  a  probability  statement 
(post-test  probability  =  post-test  odds/post-test  odds  +  1 ). 
This  process  can  be  greatly  simplified  with  the  use  of  a 
nomogram.-"  Figure  2  demonstrates  how  likelihood  ratios 
are  calculated.  Consider  the  same  hypothetical  test  as  in 
Figure  lb.  but  now  rather  than  the  diagnostic  test  being 
categorized  as  positive  or  negative,  multiple  levels  ot  the 
test  result  are  reported. 

Clinical  Prediction  Rules.  OS.A  patients  present  with  a 
biciad  range  o[  svmptoms  and  physical  findings,  none  of 
which  are  pathognomonic  for  OSA.  Sleepiness,  the  hall- 


1424 


Re.spir..\tory  Care  •  December  2001  Vol  46  No  12 


Evidence-Based  Medicine  and  Sleep  Apnea 


Table  3.      Diagnosis  of  Sleep  Apnea — LikelihotKl  Ratios  for 
Syniploins  and  Physical  Characterislics 


Syniptoni/Physical 
Charjclcrislic 

Lcvel 

Likelihood 
Ratio 

Nocturnal 

Snaring  frcquency'- 

<  ^  nights  per  week 

0.4 

^  3  nights  per  week 

1.4 

Loud.  disruptive  snoring 

<  3  nights  per  week 

0.5 

frequency '- 

^  3  nights  per  week 

1.7 

Snoring  intensity-^* 

Extremely  loud 

3.6 

Louder  than  talking 

1.3 

As  loud  as  talking 

0.5 

Slightly  louder  than 

0.3 

heavy  breathing 

Partner's  re|H>rt  of 

<  1  night  per  month 

0.5 

choking/gxsping'- 

1-8  nights  per  month 

1.1 

^  3  nights  per  week 

1.9 

Partner's  report  of  apneas 

Yes"" 

1.4.  15 

No«" 

0.2.  0.5 

Nocturia" 

Yes 

1.5 

No 

0.6 

Davtimc 

Excessive  daytime 

Yes,  against  one's  will 

1.4 

sleepiness" 

Yes.  but  willingly 

1.2 

None 

0.8 

Weight  gain  over 

<  10  pounds 

0.8 

previous  2  years'^ 

^  10  pounds 

1.4 

Impotence'" 

Yes 

3.2 

No 

0.9 

Phvsical  Examination 

Pharyngeal  exam-*' 

Abnormal 

1.4 

Normal 

O.S 

Hypertension 

Yes»-«-52 

1.6,2.2.2.4 

NoM.«J2 

0.4,  0.6.  0.8 

Body  Mass  Index 

<  25  kg/m=" 

0.3 

25-30  kg/m-" 

0.7 

>  30  kg/m-"'- 

2.0.  2.3 

Waist  circuniferencc'- 

<  90  cm 
90-1 10  cm 

0.3 
1.1 

>  1 10  cm 

3,2 

Waist-Hip  Ratio" 

<0.8 

0.2 

0.8-1.0 

1.0 

>  1.0 

2.8 

Neck  Circumferences- 

<  38  cm 
38-Ucm 

0.5 
1.1 

>  44  cm 

4.1 

Clinical  Prediction  Rule 

Sleep  Apnea  Clinical 

<5.0 

0.3 

Score  (SACS)'- 

5-10.0 

1.1 

10.I-I5.0 

t  -> 

>  15.0 

5.2 

tFnim  Flcnions  WW.  Whilclaw  WA.  Clinical  features  of  obstructive  sleep  apnea.  In: 
McNicholiLs  WT,  Phillipson  EA,  ed.s.  Breathing  disorders  in  sleep.  L.ondon:  WB  Saunders: 
2002,  with  pcmiission.) 


mark  of  OSA.  has  been  shown  in  some  studies  to  affect  as 

many  as  .'^O -."SO' f  of  coniiminity  residents  who  df)  not  have 
O.S,'\."'. Similarly,  siioriiiLi,  a  sympiom  commonly  observed 
in  OSA  paiiL'iits.  occurs  in  many  people  who  do  not  have 
OSA,  and  ihcicfore  snoring  is  nonspecific.  Obesity,  in- 
creased neck  circumference,  and  craniofacial/neck  abnor- 
malities such  as  retrognathia.  micrognathia,  tonsillar  hy- 
pertrophy, and  macroglossia  are  known  to  occur  in  OSA 
palients,  but  inlormalion  is  lacking  about  how  to  use  spe- 
cific measurements  for  clinical  decision-making.  A  study 
by  Vineret  al"  showed  that  expert  clinical  impression  had 
low  sensiti\ity  and  specificity  for  diagnosing  OSA  (52% 
and  70%,  respectively).  Many  individual  clinical  features 
of  sleep  apnea  patients  have  likelihood  ratios  close  to  I 
and  thus  ha\e  very  low  diagnostic  utility  (Table  3). 

Recently,  attempts  have  been  made  lo  identify  combi- 
nations of  features  that  together  optimize  the  probability  of 
detecting  OSA.  These  combinations  of  diagnostic  features 
are  termed  clinical  prediction  rules.  They  are  developed  by 
first  identifying  the  individual  clinical  features  associated 
with  a  diagnostic  test  result  and  then  ct)mbining  the  most 
important  features,  using  multivariate  statistical  models, 
into  a  group  capable  of  independently  predicting  the  di- 
agnostic outcome  of  interest.  Striking  similarity  is  e\  ident 
when  comparing  studies  of  sleep  apnea  clinical  prediction 
rules.  .'Ml  investigators  have  included  an  anthropomorphic 
measurement  in  addition  to  bed  partner  repoils  of  noctur- 
nal breathing  disturbances,  such  as  snoring,  apneas,  or 
choking/gasping.'^  Age,  gender,  and  hypertension  have 
also  been  incorporated  into  some  rules,  to  various  extents. 
Clinical  prediction  rules  have  sensitivities  as  high  as  95%. 
but  their  specificities  tend  to  be  low  (41-63%)."  There- 
fore, they  can  be  used  tti  help  rule  out  important  disease 
but  cannot  be  used  to  definitively  confirm  a  diagnosis  of 
OSA.  Predictors  of  sleep  apnea  in  one  clinical  prediction 
rule  include  neck  ciicumfeience,  hypertension,  habitual 
snoring,  and  hetl  partner  reports  of  nocturnal  gasping/ 
choking  respirations.'-  A  sleep  apnea  clinical  score  of  <  5 
had  a  likelihood  ratio  of  0.25,  with  a  corresponding  post- 
test  probability  of  17%,  whereas  a  score  of  >  15  had  a 
likelihood  ratio  of  5.17,  with  a  post-test  probability  of  81% 
(see  Table  3).'- 

Unattended  .\iiil)uhitory  Monitoriii};.  \  number  of  por- 
table numilors  ha\e  been  de\elii|ied  lo  assess  patients  for 
possible  OSA, -■''•"*  These  devices  record  single  channels 
such  as  oximetry  or  2  or  more  channels  that  include  mea- 
surement of  respiratory  \ariables  such  as  estimates  of  na- 
sal air  tlins  and  chestyabdominal  wall  movement.  Their 
potential  ad\  antagcs  include  increased  availability,  ease  of 
use,  reduced  ci>si,  and  ability  to  be  used  in  the  home  en- 
vironmeiu  lailier  iluiii  m  an  unfamiliar  sleep  laboratoi-y, 
Howe\er.  inosi  oi  ilie  de\ices  ha\e  not  been  rigorously 
evaluated,  and  most  studies  attempting  to  \alidate  them 


Rf-spiratorv  C\ki  •  Dici-MBiR  2001  Vol  46  No  12 


1425 


Evidence-Based  Medicine  and  Sleep  Apnea 


RS 

+ve 

RS 

-ve 

Likelihood 
Ratio 

#  of  Pts 

:  Proportion 

#  of  Pts 

ProDortion 

<5 

13 

:    13    =033 
'  400 

339 

339  =  565 
600 

033  =    0.06 
.565 

DT 
Result 

5-10 

27 

;   27    =  .068 
;  400 

189 

189=  315 
600 

068  =02 
315 

11-20 

53 

'    53    =  .133 
;400 

33 

33  =  .055 
600 

.133  =    2.5 
055 

21-40 

129 

; 129  =  323 

:  400 

31 

31   =  052 
600 

323  =    6  8 
.052 

>40 

178 

;  178  =  .445 
;  400 

8 

8    =  013 
600 

445  =  34.2 

.013 

400 

600 

Fig.  2.  The  calculation  of  llkellfiood  ratios.  RS  =  reference  standard.  DT  =  diagnostic  test.  +ve  =  positive,  -ve  =  negative.  Pts  =  patients. 
(From  Flemons  WW.  Whitelaw  WA.  Clinical  features  of  obstructive  sleep  apnea.  In:  McNicholas  WT,  Phillipson  EA,  eds.  Breathing  disorders 
in  sleep.  London:  WB  Saunders;  2002,  with  permission.) 


have  suffered  substantial  weaknesses.-'^  This  is  partly  be- 
cause very  few  studies  have  succeeded  in  achieving  a  con- 
secutive and  broad  spectrum  of  subjects  and  some  did  not 
include  a  blinded  assessment  of  the  test  results.-'^  There 
has  also  been  considerable  variability  in  how  the  reference 
standard  PSG  was  administered,  making  between-study 
comparisons  difficult.  Most  of  the  tested  diagnostic  equip- 
ment has  been  tested  in  laboratory  settings  with  simulta- 
neous PSG  monitoring  rather  than  in  the  home  setting — 
the  venue  in  which  this  equipment  is  intended  to  be  used. 
Finally,  many  studies  have  used  correlation  analysis  to 
measure  agreement  between  the  diagnostic  test  in  question 
and  the  reference  standard.  Correlation  coefficients  are  not 
recommended  for  this  purpose.'"  Instead,  the  methods  pro- 
posed by  Bland  and  Altman  and  Cohen  are  preferred.'  An 
in-depth  systematic  review  of  the  literature  related  to  these 
devices  was  recently  published,-'^  and  one  of  the  major 
findings  was  that  most  studies  had  weak  study  designs  that 
prevented  a  meaningful  meta-analysis  of  their  results.  Thus, 
almost  all  of  the  published  literature  to  date  (with  a  few 
notable  exceptions)  on  unattended,  ambulatory  diagnostic 
devices  for  sleep  apnea  would  be  Level  2  evidence  or 
lower. 

The  most  promising  ambulatory  monitors  use  oximetry 
and/or  nasal  pressure  to  identify  breathing  events  during 
sleep.  Although  nasal  pressure  has  yet  to  be  properlx  \al- 
idated  through  event-by-event  comparison  v\  ith  an  accepted 
standard,  it  remains  a  promising  surrogate  signal  of  air 
flow.  It  has  excellent  dynamic  response^"  compared  to 
thermistors,  and  recent  evidence  suggests  that  nasal  pres- 
sure is  capable  of  detecting  air  flow  limitation. ^'^-  v\hich 
is  a  marker  of  upper  airway  narrowing.  Furthermore,  nasal 
prongs  used  to  measure  nasal  pressure  are  well  tolerated 
and  easy  to  use.  compared  to  signals  such  as  respiratorv 
inductance  plethysmography.  v\hich  can  be  cumbersome 


to  use  in  obese  patients  because  of  frequent  loss  of  signal 
amplitude  from  band  displacement. 

Oximetry.  Series  et  aH'  compared  nocturnal  home  oxim- 
etry followed  by  conventional  in-laboratory  PSG  in  240 
consecutive  outpatients  referred  to  their  sleep  clinic.  Using 
PSG,  they  diagnosed  OS  A  (defined  as  AHI  >  10)  in  110 
patients.  Their  home  oximetry  device  had  very  high  sen- 
sitivity (987f ),  but  its  specificity  was  only  48%.  This  Level 
1  study  provides  strong  evidence  that  oximetry  is  useful 
for  ruling  out  sleep  apnea.  Specificity  was  a  problem  in 
this  studv,  possibly  because  of  the  type  of  analysis  used  for 
the  oximetrv  signal  (human  recognition  of  brief  dips  in  the 
oxygen  saturation  signal).  A  more  recent  Level  1  studv 
looked  at  246  patients  and  used  an  automated  analysis  of 
digitally  recorded  oxygen  saturation  sampled  at  1  Hz.-'-' 
When  OSA  was  defined  using  an  AHI  and  respiratory 
disturbance  index  of  >  15,  the  automated  analysis  algo- 
rithm of  the  oximeter  signal  had  a  sensitivity  and  speci- 
ficity of  98%  and  88%,  respectively.  No  study  using  a 
monitor  based  on  oxygen  saturation  alone  has  ever  re- 
ported this  le\el  of  diagnostic  perfonnance.  Comparisons  be- 
tween the  oximeter  and  PSG  were  blinded  and  the  study  used 
recommended  statistical  measures.  These  results  ha\e  to  be 
considered  prelimmary,  since  only  data  included  on  simul- 
taneous recordings  of  oximetry  and  PSG  were  reported. 
.Although  data  were  also  collected  on  the  use  of  this  mon- 
itor at  home,  the  results  have  not  yet  been  published. 

Nasal  Pressure.  A  number  of  investigators  have  studied 
the  AutoSet  portable  monitor  (ResMed,  Poway,  Califor- 
nia!, which  incorporates  both  nasal  pressure  (measured  \ia 
nasal  prongs  as  an  estimate  of  air  flow  )  and  oxygen  satu- 
ration (measured  \  ia  oximetry).'"-**' The  scoring  of  breath- 
ing events  w ith  this  de\ ice  depends  soleK  (->n  reduction  in 
air  flovN .  Results  tor  the  number  of  breathim;  disturbances 


1426 


Respiratory  Care  •  December  200 1  Vol  46  No  1 2 


Evidence-Based  Mi  dk  im   wd  Si  i;ep  Apnea 


are  based  on  an  anioiiiaied  algorillini  ol  lieu  analysis. 
Sensitivities  ami  specificities  \ar\  acconiini:  to  the  respi- 
rator disiinbance  index  cul-oll  point  used,  hut  ranye  t'roni 
85-100' r  and  76-93%.  respectively.  All  ol  these  studies 
are  Le\el  1  e\idence  because  of  their  small  sample  sizes 
(H  =  31-67)  and  lack  of  a  true  consecutive  patient  series. 
Patients  were  selected  after  exannnation  h\  a  sleep  expert, 
which  introduces  selection  bias. 

Putting  It  .Ml  Tojiether.  Devices  designed  for  case  find- 
ing should  he  simple,  inexpensive,  have  high  sensitivity  so 
that  people  w  ith  disease  are  not  missed  (a  low  false  neg- 
ative rate)  and  have  adequate  specificity  so  that  false  pos- 
itives are  minimized.  The  disease  in  question  should  also 
he  important  and  have  acceptable  and  eftecti\e  treatment 
options.  Clinical  prediction  rules  and  portable  monitors  are 
simple  to  use  and  are  relatively  inexpensise.  The  AutoSet 
system  and  the  digital  oximetry  device  described  bs 
Vazquez  et  aH"*  have  very  high  sensitivity  and  reasonably 
high  specificity.  As  will  be  described  in  the  following 
sections,  effective  OSA  treatments  are  available.  There- 
fore, clinical  prediction  rules  and  portable  monitoring  de- 
vices represent  possibilities  for  evaluating  individuals  for 
suspected  OSa\.  They  have  the  potential  to  reduce  the 
probability  of  disease  in  some  patients  to  a  level  at  which 
a  clinician  could  decide  not  to  investigate  a  patient  for 
OSA  in  the  sleep  laboratory .  In  addition,  patients  found  to 
have  a  high  probability  of  disease  could  be  spared  a  lengthv 
wait  for  PSG.  since  it  has  been  shown  that  CPAP  dev  ices 
that  adjust  automatically  produce  treatment  effects  com- 
parable to  conventional  CPAP  devices,  in  which  pressures 
are  manually  titrated  in  a  sleep  lab.  Thus,  only  those  pa- 
tients who  have  an  intermediate  probability  of  disease 
and/or  have  serious  comorbidity  (eg.  neuromuscular  dis- 
ease or  ischemic  heart  disease)  would  require  PSG.  This 
approach  has  the  potential  to  reduce  some  of  the  waiting 
lists  for  patients  and  save  a  limited  resource  (PSG)  tbi 
coiTiplicated  and  severely  affected  patients. 

H()\\  .Should  Obstructive  Sleep  .Apnea  Be  Treated? 

Treatment  of  OSA  includes  weight  loss,  oral  appliances, 
CPAP.  and  surgical  interventions,  which  are  generally  re- 
served for  those  who  have  failed  other  less  invasive  treat- 
ments. L'ntil  recently,  evidence  was  limited  that  these  treat- 
ments are  effective.  The  systematic  review  written  bv 
Wright  et  al''  concluded  that  the  impact  of  OSA  on  public 
health  had  been  ovcr-emphasi/ed  and  that  the  paucity  ol 
high-quality  clinical  trials  evaluating  C'P.AP  diil  not  justity 
its  widespread  use. 

A  number  of  questions  have  been  |iriipciscd  lor  evalu- 
ating the  validity  of  published  data  on  therapy.  They  help 
to  determine  if  the  results  of  a  study  represent  an  unbiased 
estimate  of  the  treatment  effect  or  if  the  results  have  been 


Tiitilc  4.      Guides  and  Grading  System  for  Evidence  About  Trcalmcnl 
of  Sleep  Apnea 

Primary  Guides* 

1 .  Was  the  assignment  of  pulicnis  to  treatment  randomized? 

2.  Were  all  patients  who  entered  ihe  trial  properly  accounted  for  al 
iis  conclusion? 

•  Was  follow-up  complete'.' 

•  Were  patients  analyzed  in  the  groups  to  which  they  were 
randomized? 

Secondary  Guides* 

1.  Were  patients,  their  clinicians,  and  study  personnel  "blind"  lo 
treatment? 

2.  Were  the  groups  similar  al  the  start  of  the  trial? 

.1.  Aside  from  the  experimental  intervention,  were  the  groups 
treated  equally? 

Evidence  Grading  Systemt  (quality  of  evidence  in  studies  on  therapy) 
Level  la.  A  systematic  review  of  randomized  controlled  trials 
Level  lb.   Individual  randonii/ed  controlled  trials 
Level  Ic.  The  situation  in  which  all  patients  died  before  the  therapv 

became  available,  but  some  now  survive  on  it:  or  when 

some  patients  died  before  the  therapy  became  available,  but 

none  now  die  on  it 
Level  2a.  A  systematic  review  of  cohort  studies 
Level  2b.  Individual  cohon  study  (including  low-quality  randomized 

controlled  trials) 
Level  .'?a.  A  systematic  review  of  case-control  studies 
Level  ,^b.  Individual  case-control  studies 

Level  4.     Case  series  and  poor  quality  cohort  and  case-control  studies 
Level  5.     Expert  opinion  without  explicit  critical  appraisal 


•Adapted  from  Reference  49. 
Adapted  fnim  Reference  .*> 


influenced  m  a  systematic  fashion,  leading  to  false  con- 
clusions.-*" The  questions  have  been  divided  into  primary 
and  secondary  guides  (Table  4). 

Weight  Loss 

The  prevalence  of  obesity  is  incteasing  to  epidemic  pro- 
portions in  North  America.^"  Obesity  is  highly  correlated 
with  OSA  and  is  thought  to  affect  breathing  by  altering 
upper  airway  structure  and  function  through  increased  pha- 
ryngeal soft  tissue  deposition.^'  Both  dietary"-  and  surgi- 
cal'* weight  loss  have  been  associated  with  a  reduction  in 
AHl.  As  such,  weight  loss  has  been  a  standard  recommen- 
dation for  treating  overweight  OSA  patients.  However. 
losing  weight  and  maintaining  weight-loss  are  difficult  for 
most  patients,  h'urthermore,  OSA  can  recur  in  patients  who 
have  lost  and  then  maintained  a  more  ideal  body  weight. ■^■' 

Most  studies  examining  the  effects  of  weight  loss  on 
severity  of  OSA  are  of  low  quality  (^  Level  3)  due  to 
small  sample  size,  retrospective  or  cross-sectional  design, 
or  lack  of  adequate  controls.  Two  studies  provide  legiti- 
mate evidence  for  recommending  weight  loss  as  part  of 
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therapv  iii  ohcse  OSA  patients.  Siiiitli  cl  uT^  randomly 
assigned  \>  patients  \o  dietary  weight  loss  and  8  to  no 
therapy.  After  ."^  months  the  weight  loss  group  (average 
weight  loss  =  10  kg)  experienced  an  average  decrease  in 
apnea  index,  from  55  to  29.  along  with  an  increase  in 
daytime  alertness,  measured  by  questionnaire.'^^  No  sig- 
nificant parallel  change  was  observed  in  the  <S  patients  w  ho 
did  not  lose  weight.  A  more  recent,  large,  prospective 
study  (Level  2  evidence)  of  690  randomly  selected  pa- 
tients looked  at  the  relationship  between  weight  change 
and  change  in  O.SA  severity,  as  indicated  by  AHI.'^^  Pa- 
tients were  followed  over  4  years,  and  the  authors  con- 
trolled lor  sex.  age,  cigarette  and  alcohol  use.  and  baseline 
bod\  habitus  measures.  It  was  shown  that  a  10%  weight 
gain  predicted  a  32%  increase  in  AHl,  whereas  a  lO^r 
weight  loss  predicted  a  26%  decrease  in  AHI.  Further- 
more, among  those  with  mild  or  no  OSA,  a  10%  weight 
gain  predicted  a  6-fold  increase  in  the  odds  of  developing 
moderate  to  severe  OSA,  defined  as  AHI  >  15."" 

Biological  plausibility  and  data  from  a  small,  controlled 
dietary  study  and  a  large  longitudinal  study"^'"  indicate  that 
weight  reduction  can  significantly  reduce  AHI  and  possi- 
bly provide  subjective  improvements  in  daytime  sleepi- 
ness. Weight  loss  should  be  recommended  in  obese  pa- 
tients; although  it  is  unlikely  to  cure  OSA,  it  has  the  potential 
to  reduce  its  severity. 

Mandibular  Advancement 

Mandibular  advancers  are  a  type  of  intra-oral  appliance 
developed  for  treating  OSA.  As  a  group  they  have  been 
shown  to  be  effective  in  eliminating  snoring  and  reducing 
AHI."  In  general,  patients  prefer  them  to  CPAP."**-*'"  Ad- 
verse effects  are  minimal,  but  include  excessive  salivation, 
dental  malocclusion,  and  temporomandibular  joint  pain 
and  dislocation.'''  Mandibular  adxancers  cannot  be  used  in 
patients  with  artificial  dentition. 

The  .•\merican  Sleep  Disorders  Association  Standards 
of  Practice  Committee  recommends  the  use  of  oral  appli- 
ances in  the  following  situations:  primary  snoring,  miki 
OSA,  patients  with  moderate  to  severe  OSA  who  refuse  or 
cannot  tolerate  nasal  CPAP,  and  patients  with  moderate  to 
severe  OSA  who  refuse  or  are  not  candidates  for  correc- 
tive surgery. ''- 

There  have  been  no  randomized  placebo-controlled  tri- 
als of  mandibular  ad\  ancing  devices.  Three  crossover  stud- 
ies directly  compared  mandibular  advancers  to  CPAP  in 
patients  with  moderate  to  severe  (AHI  15-55)  OSA.'^'^  "" 
None  of  the  studies  achieved  complete  patient  crossover, 
because  of  subject  drop-out.  All  3  studies  using  mandib- 
ular advancers  shov\ed  significant  reductions  in  ,'\H1  (39- 
51%),  but  the  treatment  effect  was  greater  with  CPAP 
(AHI  reduced  by  60-83%).  Using  the  mandibular  advanc- 
ers, treatment  failure  (defined  as  inabilitv  to  reduce  AHI 


to  ■  10)  occurred  in  7  patients  (28%)  in  one  study"^**  and 
in  8  patients  (4()'/f )  in  another.''"  No  treatment  failures 
occurred  in  patients  using  CPAP  in  either  study.  Mandib- 
ular advancers  and  CPAP  achieved  similar  improvements 
in  excessive  daytime  sleepiness  assessed  by  question- 
naire.'^'*''" Lastly,  patient  satisfaction  was  greater^**'""  and 
adverse  effects  less  frequent-*"  with  mandibular  advancers 
than  with  CPAP. 


Continuous  Positive  Airway  Pressure 

CPAP  remains  the  most  eflective  method  of  treating 
OSA.  It  functions  by  providing  a  pneumatic  splint  to  the 
upper  airway  during  inspiration,  thereby  preventing  the 
high  negative  inspiratory  pressures  that  cause  pharyngeal 
collapse  during  an  obstructive  breathing  event.'''  In  1997 
Wright  et  al"  systematically  reviewed  the  literature  eval- 
uating the  effectiveness  of  CPAP  for  treating  OSA.  At  that 
tiine  there  was  only  one  controlled  trial''-'  evaluating  CPAP, 
which  was  criticized  for  the  placebt)  control,  an  oral  tablet. 
Oral  placebos  do  not  subject  patients  to  the  same  instru- 
mental constraints  as  does  therapeutic  CPAP.''  However, 
their  use  in  crossover  studies  has  been  justified  because  of 
the  possibility  that  a  placebo  CPAP  that  provided  air  but 
little  or  no  airway  pressure  could  become  apparent  to  sub- 
jects, thus  unblinding  the  study. 

Subsequent  to  the  review  by  Wright  et  al.  placebo  CPAP 
devices  have  been  developed  and  used  in  a  randomized, 
controlled  trial  of  CPAP.'"  These  devices  appear  and  func- 
tion the  same  as  true  CPAP  except  that  they  deliver  pres- 
sure <  I  cm  HiO,  which  is  unlikely  to  splint  open  the 
airway.  Placebo  CPAP  has  been  shown  to  have  no  effect 
on  sleep  efficiency,  arousal  frequency ,  or  AHI.''''  Since  the 
first  Level  1  study  by  Engleman  et  al  in  1994,  a  number  of 
randomized  controlled  studies,  using  both  oral  place- 
boi4.66-68  and  placebo  CPAP,'"""'"  have  looked  at  the 
ability  of  CPAP  to  improve  objective  and  subjective  mea- 
sures of  sleepiness  and  quality  of  Ijfe,'-''^"""'*  simulated 
driving  performance,""  and  blood  pressure.''*"' 

Sleepiness  and  Quality  of  Life.  Engleman  et  al"'  stud- 
ied 32  patients  with  moderate  to  severe  OSA  (mean  AHI 
28,  range  7-129)  over  4  weeks,  using  both  CPAP  and  oral 
placebo  (randomized  placebo-controlled  crossover  design ). 
Compared  to  placebo.  CPAP  resulted  in  decreased  sleep- 
iness and  napping  frequency  and  improvements  in  multi- 
ple sleep  latency  time.  Treatment  with  CP.AP  also  pro- 
duced improvements  in  the  Nottingham  Health  Profile 
quality  of  life  questionnaire.  These  findings  have  been 
extended  to  include  patients  with  mild  OSA  (AHI  5-15). 
Compared  to  oral  placebo.  CPAP  also  improves  subjective 
daytime  sleepiness  and  5  of  the  8  SF-36  domains  in  pa- 
tients with  mild  OSA  (AHI  5-15).  However,  no  significant 
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differences  were  found  in  objective  sleepiness  nieasuivil 
by  the  maintenance-of-wakefuiness  test.'-* 

Studies  using  placebo  CPAP  as  the  control  indicate  that 
CPAP  substantially  benefits  sleepiness  and  quality  of  life. 
Jenkinson  et  aP''  randomi7cd  53  patients  to  placebo  CPAP 
and  54  patients  to  therapeutic  CPAP.  They  found  signifi- 
cant improvements  in  subjective  sleepiness  (measured  by 
a  suhjcctive  rating  of  sleepiness)  and  objecti\e  sleepiness 
(measured  hy  mean  maintenance-of-uakefuiness  test)  in 
subjects  treated  with  therapeutic  CPAP.  bin  not  in  those 
treated  with  placebo  CPAP.  Although  therapeutic  CPAP 
resulted  in  significantly  greater  improvements  in  SF-.^6 
quality  of  life  scores  than  did  placebo  CP.\P.  a  small  >et 
significant  placebo  effect  was  seen.'^ 

Simulated  Driving  Performance.  As  outlined  above, 
the  evidence  for  a  causal  relationship  between  OSA  and 
motor  vehicle  accident  rates  is  weak.  Patients  with  OSA 
do  worse  on  driving  simulators  than  do  matched  con- 
trols,'"''- but  the  relevance  of  this  is  unknown.  Compared 
to  both  oral  placebo'*^  and  placebo  CPAP.'^  successful 
treatment  of  OSA  with  therapeutic  CPAP  has  been  shown 
to  result  in  statistically  significant  improvements  in  sim- 
ulated driving  performance.  In  addition,  following  I  month 
of  therapeutic  CPAP.  patients  have  quicker  reaction  times 
than  controls  treated  with  placebo  CPAP.""  Although  un- 
confirmed, it  seems  plausible  biologically  that  treatment 
with  CPAP  could  reduce  the  number  of  accidents  among 
OSA  patients  by  reducing  sleepiness  and  improving  vigi- 
lance. 

Hypertension.  To  date  there  have  been  no  randomized 
controlled  trials  of  CPAP  therapy  that  have  shown  a  sig- 
nificant impact  of  treatment  on  hypertension.  A  number  of 
small  clinical  trials,  most  of  which  have  lacked  an  ade- 
quate control  arm,  have  given  mixed  results.^"  Two  ran- 
domized placebo-controlled  studies  have  investigated  the 
effect  of  CPAP  treatment  of  OSA  on  blood  pressure,'''* ""' 
The  first  study  used  a  randomized  crossover  design  to 
study  13  patients  with  both  CP.AP  and  oral  placebo,  and 
found  no  effect  from  CPAP  on  24-hour  ambulatory  blood 
pressure.''**  The  second  study  randomized  39  patients  to 
either  therapeutic  (/?  =  21)  or  placebo  (n  =  18)  CPAP. 
Twenty-four-hour  ambulatory  blood  pressure  was  mea- 
sured at  baseline  and  following  1  and  7  days  of  therapy. 
Daytime  mean  arterial  blood  pressure  decreased  signifi- 
cantly but  equally  in  both  the  active  treatment  and  sham 
treatment  group.  Nighttime  mean  arterial  blood  pressure 
decreased  to  a  greater  extent  in  patients  who  received  ac- 
tive CPAP  than  in  those  treated  with  placebo.'*-'  Systemic 
hypertension  resulting  from  OSA  would  probably  take  a 
long  time  to  develop;  therefore,  in  the  future,  clinical  trials 
that  investigate  the  impact  of  OSA  treatment  on  blood 


pressure  will  probably  have  to  study  large  numbers  of 
patients  over  a  much  longer  period  of  time. 

.Surgery 

A  number  of  surgical  procedures  have  been  developed 
for  treating  OSA  and  are  generally  reserved  for  patients 
who  have  failed  other  less  invasive  modalities  of  treat- 
ment. The  goal  of  surgery  is  to  correct  obstructing  ana- 
tomic abnormalities  and  to  augment  the  size  of  the  upper 
airway.  In  1996  the  American  Sleep  Disorders  Association 
reviewed  the  efficacy  of  upper  airw.a\  surgical  modifica- 
tions in  adults  with  OSA  and  identified  the  following  op- 
erations u,sed  to  treat  OSA:  nasal  septal  reconstruction. 
uvulopalatopharyngoplast),  laser  midline  glossectomy  and 
lingualplasiy.  inferior  mandibular  osteotomy  and  genio- 
glossal advancement  with  hyoid  myotomy  and  suspension, 
maxillomandibular  advancement  ostcotomv .  and  tracheot- 
omy.'' 

There  have  been  no  randomized  controlled  trials  com- 
paring any  of  the  surgical  therapies.^-*  In  fact,  most  of  the 
surgical  literature  comes  from  small  case-.series  (Level  4 
evidence).  These  studies  probably  contain  substantial  bias 
related  to  their  limited  sample  sizes  and  patient  follow-up. 
lack  of  controls,  and  patient  selection.  In  addition,  studies 
seldom  report  important  outcome  measures  such  as  quality 
of  life.  A  recent  Cochrane  Re\  iew  article  emphasized  the 
need  for  high-quality  randomized  trials  in  the  field  of  sur- 
gery for  OSA.^^ 

Uvulopalatopharyngoplasty  has  been  the  most  widely 
used  surgical  procedure.  In  this  technique,  the  retropalatal 
airway  is  enlarged  through  excision  of  the  tonsils  (if 
present),  trimming  and  reorientation  of  the  anterior  and 
posterior  tonsillar  pillars,  and  excision  of  the  uvula  and 
posterior  portion  of  the  soft  palate.  Although  uvulopala- 
topharyngoplasty has  been  shown  to  decrea.se  respiratory 
disturbance  index  by  an  average  of  38'7f.^^  its  long-term 
(4-8  yr)  effectiveness  (defined  as  a  >  SC^c  reduction  in 
AHI  and  a  postoperative  AHI  of  <  10)  is  <  5(F/f."'  The 
procedure  has  been  associated  with  substantial  morbidity, 
including  postoperative  pain,  bleeding,  nasopharyngeal  ste- 
nosis, voice  change,  and  (rarely)  death. '^ 

The  only  true  randomized  trial  comparing  surgical  and 
nonsurgical  therapy  was  performed  by  Wilhelmsson  et  al.^'' 
Patients  were  randomized  to  either  uxulopalalopharyngo- 
plasty  or  treatment  with  a  dental  appliance  designed  to 
advance  the  mandible.  Thirty-seven  of  49  in  the  dental 
appliance  group  and  43  of  46  in  the  uvulopalatopharyn- 
goplasty group  completed  the  12-month  follow-up.  Sev- 
enty-eight percent  of  the  dental  appliance  group  were 
considered  treatment  successes  (apnea  index  <  5  or 
AHI  <  10),  compared  to  51'?^  of  the  u\ulopalatopharyn- 
goplasty  group. 
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I  raclioosiiim\  ivinains  (he  dcliiiilnc  surgical  Ircalniciii 
tor  OS  A  because  the  procedure  bypasses  the  collapsible 
upper  airway.  It  is  associated,  however,  with  adverse 
psychological  and  cosmetic  effects,  leading  to  substan- 
tial emotional  and  physical  morbidity.^"  For  those  who 
cannot  tolerate  CPAP  or  other  interventions  and  in  those 
patients  v\ith  sesere  OSA  associated  with  cardiovascu- 
lar complications,  tracheostomy  remains  an  important 
surgical  option. 

Summary 

OSA  is  a  prevalent  condition  that  aflects  quality  of  life 
and  places  patients  at  increased  risk  of  developing  hyper- 
tension. The  risk  of  mortality  and  of  cardiovascular  mor- 
bidity and  motor  vehicle  accidents  among  patients  with 
untreated  OSA  has  not  been  well  documented.  The  ma- 
jority of  OSA  patients  are  currently  not  being  offered  di- 
agnostic testing  and  treatment — a  situation  that  needs  to 
change  by  improving  professional  and  patient  education  as 
well  as  increasing  diagnostic  resources.  There  is  an  ex- 
panding body  of  evidence  that  supports  the  use  of  clinical 
prediction  rules  and  unattended  monitoring  as  reasonable 
alternatives  to  PSG  for  diagnosing  OSA.  The  use  of  alter- 
native diagnostic  methods  in  selected  patients  could  help 
alleviate  the  long  patient  waiting  lists  for  PSG  at  many 
sleep  centers.  Recent  randomized,  placebo-controlled  tri- 
als indicate  that  CPAP  benefits  quality  of  life,  driving 
performance,  blood  pressure,  and  sleepiness.  Mandibular 
advancement  would  appear  to  be  a  reasonable  alternative 
therapy  for  patients  unable  to  tolerate  CPAP.  However,  the 
strength  of  the  clinical  evidence  supporting  mandibular 
advancement  is  not  as  strong  as  it  is  for  CPAP.  Prelimi- 
nary evidence  suggests  that  mandibular  advancement  is 
probably  not  indicated  for  patients  with  severe  OSA.  The 
efficacy  of  surgical  intervention  is  not  suppeirted  by  ran- 
domized controlled  trials  and  should  probably  be  viewed 
as  an  option  only  when  other  options  are  not  feasible. 
There  is  a  strong  need  for  larger  randomized  controlled 
ii  lals  w  iih  longer  patient  follow-up  to  verify  the  exact 
range  of  benefits  that  OSA  patients  can  expect  from  ihe 
various  treatment  modalities. 
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Discussion 

Maclntyre:  To  increase  patient 
compliance  withi  mask  positive  pressure, 
you  might  try  BiPAP  |bi-level  positive 
airway  pressure],  which  is  inspirator)' 
pressure  along  with  the  basehne  expira- 
tory pressure — sort  of  a  pressure  sup- 
port or  pressure  assist  motie.  Is  there 
much  (Jata  supporting  that  contention? 

Flenions:  1  ilidn'tgo  iooising  for  that 
specifically,  but  my  feeling  about  that 
is  like  a  lot  of  things:  everybody  says 
it.  but  nobody  actually  does  the  study 
to  prove  it.  I  would  think  it  would 
apply  to  only  a  small  percentage  of 
patients,  so  I  think  that  kind  of  study 
would  be  difficult  to  do. 

Maclntyre:  In  practical  terms,  in 
the  United  States,  you  can  get  a  Bi- 
PAP machine  paid  for  by  Medicare  if 
you  "fail  CPAP." 

Flemons:  Technicall)'  speaking,  we 
can  ask  our  government  to  do  the  .same 
thing  now.  though  I'm  not  sure  we  ac- 
tually have  the  e\  idence  to  back  that  up. 

Guyatt:  In  terms  of  impro\  ing  com- 
pliance. I  noticed  in  \our  data  that  sou 


had  about  70-80%  of  the  people  com- 
plying, but  by  your  estimate  of  your 
own  minimally  important  difference, 
only  half  of  the  people  actually  ben- 
efited. So  if  half  of  the  people  don't 
actually  get  an  important  benefit,  are 
we  really  doing  a  good  thing  by  im- 
proving compliance?  It  would  be  con- 
ceivable to  me  that  the  people  who 
don't  comply  are  the  half  that  aren't 
benefiting  and  that  the  most  efficient 
thing  would  be  to  take  their  machines 
and  gi\e  them  to  people  who  will  use 
them.  So  I'm  wondering  in  the  trials 
of  compliance-enhancing  strategies  if 
compliance  is  really  the  right  outcome, 
and  maybe  the  right  outcome  should 
be  improvement  in  quality  of  life,  par- 
ticularly if  you're  suggesting  that  some 
of  the  people,  or  even  those  who  con- 
tinue it.  are  not  getting  important  ben- 
efits. 

Flemons:  I  think  that's  a  fair  com- 
ment. We  are  Just  starting  to  try  to  get 
some  data  about  that.  Right  now  we 
don't  even  know  whether  impro\ed 
quality  of  life  would  predict  that  peo- 
ple would  use  their  machines  more 
often.  So  I  think  when  we  collect  that 
kind  of  data  on  larger  numbers  of  pa- 
tients we  mi>:hi  be  able  to  tease  out 


some  of  those  factors.  I  guess  the  other 
thing  is  that  we  don't  understand  hu- 
man behavior  ver>'  well,  as  you  pointed 
out.  So  I'm  not  quite  sure  what  it  is  that 
motivates  people  to  use  this  treatment. 

Guyatt:  Is  anybody  monitoring  the 
quality  of  life  of  the  patients'  spouses? 
That  might  be  a  possible  predictor  of 
compliance. 

Flemons:  It's  interesting  that  you 
mention  that.  We  spent  the  last  year 
and  a  half  trying  to  develop  a  quality 
of  life  index  for  patients"  spouses,  and 
the  most  interesting  thing  was  when 
we  sat  down  w  ith  them  during  the  ini- 
tial stages  to  find  out  what  was  actu- 
ally important  to  them,  we  got  an  ear- 
ful. We  ha\e  just  looked  at  the  data  in 
a  preliminary  fash  ion.  We  don't  see  tre- 
mendous imprtnements  in  the  quality 
of  life  of  the  spouses,  not  like  we  do 
tor  patients.  I'm  iu>l  quite  sure  that 
spouses  can  actualK  separate  what  it 
is  that  is  related  to  sleep  apnea  versus 
what  it  is  about  M)  years  of  living  w  ith 
somebody  they  would  ha\  e  maybe  not 
preferred  to  li\e  with  in  the  first  place. 
I  sometimes  feel  1  shmild  have  taken  a 
course  in  marrias:e  counselinc  before 
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1  e\ci  v^cnt  into  medicine.  \ou  kimu 
you're  in  irouhle  when  \ou  ask  sonie- 
body,  "So  w hat  brings  you  here .'"  and 
they  turn  around  and  say.  "Ask  lier."  I 
get  that  about  3  times  a  clinic,  hii- 
tially  I  thought  that  if  spouses'  quahty 
of  lite  improxed,  everybody  would  be 
happier,  that  this  would  probabl\  pre- 
dict long-term  compliance.  That  may 
still  be  the  truth.  When  both  of  them 
get  better,  there  may  be  a  big  incen- 
tive to  continue  to  use  CPAP.  It's  an 
interesting  area  that  awaits  further  data 
to  figure  out  what  it  is  that  con\  inces 
someone  to  use  this  type  of  treatment. 

Pierson:*  To  be  the  de\ii's  advo- 
cate, it  seems  to  me  there  are  some 
pretty  strong  parallels  between  the 
treatment  for  OSA  and  the  use  of,  say, 
inhaled  nitric  oxide  in  ARDS.  That  is. 
you"\e  shown  us  Level  1  evidence  that 
quality  of  life  is  impaired  in  people 
with  OSA.  just  like  we  know  that 
ARDS  is  a  bad  thing  and  kills  a  lot  of 
people.  You've  shown  us  that  you  can 
tell  in  3  minutes  whether  CPAP  is  go- 
ing to  be  effective  in  ablating  sleep 
apneas  in  the  lab.  and  we  can  show 
v\ ith  inhaled  nitric  oxide  in  a  \ery  tew 
minutes  that  the  arterial  partial  pres- 
sure of  oxygen  goes  up.  What  we  need 
desperately.  I  think,  is  to  find  out  in 
the  long-run  and  in  the  big  picture 
whether  people  with  sleep  apnea  w  ho 
receive  CPAP  turn  out  to  be  any  bet- 
ter otT  in  the  end.  It  seems  that,  with 
the  Le\el  I  data  on  impairment  of 
quality  of  life  before  treatment,  this 
is  a  good  setting  for  doing  out- 
come studies  to  determine  whether 
individual  patients — and  society, 
who's  pa\ing  for  all  of  this — ben- 
efit from  these  fairls  intrusive  anil 
expensive  therapies. 

Flemons:      1  think  those  are  all  fair 
comments.  We've  onlv  had  <ine  trial 
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to  date  that  included  sham  CPAP  con- 
trol, if  you  ask  people  in  sleep  medi- 
cine. "Do  you  need  sham  CPAP.'" 
tliev'd  say  absolutely  not.  Nobody 
would  use  this  treatment  if  they 
weren't  getting  some  hencnt  from  it, 
so  it's  just  a  question  ol  how  do  you 
measure  the  benefit.  Clearly,  when 
sham  CPAP  was  used,  they  noticed, 
just  like  everything  else,  that  there's  a 
big  |ilaceh(i  effect.  So  1  think  more 
trials  do  need  to  be  done  to  detlne 
exactly  what  you  said.  David,  that 
qualilv  ot  lite  is  the  most  important 
issue.  How  much  is  it  iinprin  ed'  What 
percentage  of  patients  does  it  improve? 
W  h.ii  predicts  those  patients? 

1  would  take  issue  that  this  is  an 
expensive  treatment.  These  machines 
can  be  bought  for  under  .$  1 .000  (Ca- 
nadian). In  fact,  when  we  buy  them 
for  our  Provincial  program,  they  cost 
m  the  range  of  $600.  They  last  for 
over  5  years,  and  you  actually  know 
who  uses  it,  st)  you  can  take  the  ma- 
chine away  from  people  who  don't 
use  u.  1  don't  know  of  another  treat- 
ment in  medicine  that  costs  under  $100 
per  year  (amortized  over  5  years) 
where  you  can  target  it  just  to  the  peo- 
ple who  use  it. 

I  would  say  it's  important  to  define 
the  placebo  effect,  but  when  I  put  on 
my  clinical  hat.  I'm  not  so  concerned 
about  that.  I  think  that  overall  this  will 
prove  to  be  a  beneficial  treatment.  We 
do  need  the  trials  to  prove  it,  but  this 
is  a  treatment  where  you  really  can 
target  it  to  the  people  who  are  going 
to  use  it.  We  need  long-term  studies 
to  determine  patients'  quality  of  life 
at  6  months  and  1  year.  My  hunch  is 
thai  p.ilicnls  will  continue  to  show  an 
improvement  m  quality  of  life,  anil 
that  we'll  be  able  to  justify  long-term 
treatment  because  of  that. 


Rubcnfeld:  I  think  this  is  an  area 
also  w  here  the  primary  care  physicians 
are  receiving  conflicting  information 
and  messages.  We  see  a  lot  of  patients 
referred  to  our  clinic  on  an  urizent  ba- 


sis for  sleep  apnea  evaluation.  We  also 

have  the  same  at  our  public  hospital: 
the  same  delay  tor  evaluations.  I  think 
there's  a  great  deal  of  education 
needed.  I  also  think  the  primary  care 
providers  have  the  sense  that  they're 
missing  this  epidemic.  They  hear  the 
numbers  like  A7c  of  the  population. 
20Vc  or50'/f  of  obese  men.  and  I  think 
they're  having  the  sense  that  they  need 
to  approach  the  patient  w  ho  might  have 
sleep  apnea  in  the  same  way  they  do 
patients  who  have  severe  hyperlipid- 
emia  or  severe  hypertension.  What 
kinds  of  educational  activities  are  go- 
ing on  for  the  referring  primary  care 
physician? 

Flemons:  In  1993  Bill  Dement  was 
able  to  get  the  attention  of  the  United 
States  Congress  and  point  out  that  there 
is  on  average  about  I  hour  of  sleep 
disorders  education  in  medical 
schools;  so  in  fact  there  is  hardly  any 
instruction  on  it  during  medical  train- 
ing. And  there  really  is  no  plan  for 
continuing  medical  education  about 
sleep  medicine.  Mv  understanding  is 
that  Congress  accepted  that  and  started 
putting  some  things  in  place,  but  I'm 
not  aware  of  a  consistent  plan  or  con- 
sistent strategy  at  this  point  to  actu- 
ally address  the  need.  I  think  the  prob- 
lem is  that  sleep  medicine  has  been 
struggling  for  recognition,  so  they've 
been  willing  to  say  anything  and  ev- 
erything in  order  to  get  the  recogni- 
tion. Now  that  they've  got  it.  they  don't 
want  it.  because  a  lot  of  what  they 
said  ma\  have  been  overstating  the 
case. 

For  example,  now  we  have  regula- 
tions about  driving,  so  primary  care 
practitioners  should  be  concerned 
about  what  that  means  for  their  pa- 
tients, what  it  means  for  ilwiii  if  they 
miss  it  and  one  of  their  patients  crashes 
a  car.  This  is  a  potential  area  for  liti- 
gation. I  think  we  should  be  a  lot  more 
careful  with  what  we  conclude  from 
very  poor  data  in  terms  of  creating 
public  policy  and  in  terms  of  what  we 
tell  our  patients  or  the  primary  care 
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providers  about  uhat  Ihey  should  be 
acting  on  and  why.  So  I  think  there's 
an  education  phase  that  needs  to  go  on 
for  the  sleep  medicine  doctors  first, 
and  then  vse  need  to  figure  out  what 
we  tell  the  primary  care  providers  and 
the  patients. 


Rowe:     As  a  member  of  the  Cochrane 

re\iev\'  group  that  was  in\i)l\ed  with 
the  sleep  apnea  review.'  1  know  there's 
no  question  that  it  created  a  lot  of  con- 
troversy. One  of  your  comments  was 
that  people  in  sleep  medicine  said  that 
"Wright  was  wrong."  It  sounds  like 
it's  really  stimulated  the  sleep  apnea 
and  sleep  lab  profession  to  get  their 
house  in  order.  The  reality  is  that 
the  recommendations  that  came  out 
of  the  review  were  very  conserva- 
tive. They  essentially  didn't  say  close 
all  sleep  labs  and  that  all  people  in 
sleep  research  were  misleading  us! 
They  said.  "We  need  more  evi- 
dence." So  the  reviews  never  make 
recommendations,  or  shouldn  't  make 
recommendations.  They  should  pro- 
vide the  evidence  and  challenge  the 
profession  to  come  up  with  the  e\  i- 
dence  to  justify  what's  being  done.  I 
think,  in  fact,  you  should  give  them 
an  award. 


RKFKRF.NCES 

1.  Wriglil  J.  White  J.  Ducliarmc  I-.  Conlinuuus 
positive  airways  pressure  for  obstructive 
sleep  apnoeai Cochrane  review).  In:  The  Co- 
chrane Library.  4,  2001.  Cxford:  Update 
.Software. 

Flemons:  I  wouldn't  disagree  with 
that  at  all,  Brian.  I  think  it's  the  best 
thing  that's  happened  to  this  field  since 
they  first  discovered  that  people 
stopped  breathing  at  night.  I  think  the 
concern  about  the  review  came  mostly 
frotn  physicians  in  Britain,  because 
they  perceived  that  this  was  going  to 
be  used  as  a  reason  not  to  fund  what 
they  considered  a  very  viable  treat- 
ment alternative.  CPAP,  for  their  pa- 
tients. They  took  this  very  personally. 
It  was  a  case  where  people  who  were 
not  trained  in  evidence-based  meth- 
ods thought  that  they  were  doing  all 
the  right  things,  and  they  didn't  like  to 
be  criticized.  From  my  perspective,  I 
think  it  was  the  right  thing  to  pub- 
lish. We  can  argue  about  interpreta- 
tion of  study  results  here  and  there, 
but  I  think  overall  their  conclusions 
were  by  and  large  correct.  I  think  it 
has  actually  helped  people  who  want 
to  do  sleep  research,  because  all  you 
have  to  do  to  a  funding  agency  is 
say  "We  want  to  do  this  randomized 


controlled  trial  because  of  what  Dr 
Wright  said."  I  think  it  was  the  right 
thing  to  publish,  and  I  think  it  was 
helpful. 

Rowe:  Some  funding  agencies,  par- 
ticularly the  MRC  (Medical  Research 
Council]  m  the  United  Kingdom,  re- 
quire a  systematic  re\'iew  to  form  the 
introduction  or  the  background  for  a 
trial.  I've  reviewed  for  them,  and  if 
you  don't  have  a  systematic  review  as 
the  foundation  for  your  trial,  then  it 
doesn't  get  funded.  I  would  say,  again, 
that  that  systematic  review  provided 
the  appearance  of  equipoise.  I  don't 
know  if  Dr  Tonelli  is  going  to  talk 
about  equipoise,  but  certainly  there 
was  this  observation  that  insufficient 
evidence  existed.  So  we  needed  more 
research.  I  think  the  funding  agencies 
at  that  point  would  agree  that  you  have 
to  conduct  randomized  controlled  tri- 
als to  show  beneficial  effects.  That's 
where  a  lot  of  the  drive  for  future  re- 
search comes  from. 

Flemons:  I  agree.  I  think  it  was  the 
right  thing  to  do  and  created  a  lot  of 
controversy.  There's  nothing  better  for 
a  field  than  to  create  controversy  and 
challenge  people. 
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Introduction 

The  Rilationship  Between  Clinical  Research  and  Clinical  Practice 

Conceptual  l!rrors 

Hridj;injj  the  (Jap  Between  Evidence  and  Practice 

Summarv 


The  importance  of  clinical  research  for  the  practice  of  clinical  medicine  is  immense  and  undeniable.  ^  et 
the  t>pe  of  knowledge  gained  from  clinical  research,  referred  to  here  as  "empirical  evidence."  is  itself 
insunicient  to  provide  for  optimal  clinical  care.  A  gap  exists  hetween  empirical  evidence  and  clinical 
practice.  Proponents  of  e\  idence-hased  medicine  hav e  clearlv  ackno\>  iedged  one  aspect  of  this  gap:  the 
part  that  requires  the  consideration  of  values,  both  patient  and  professional,  prior  to  arriving  at  medical 
decisions.  Not  as  clearl\  recognized,  however,  is  the  gap  that  exists  due  to  the  fact  that  empirical  evidence 
is  not  directlv  applicable  to  individual  patients,  as  the  knowledge  gained  from  clinical  research  does  not 
directly  answer  the  primarv  clinical  question  of  what  is  best  for  the  patient  at  hand.  Proponents  of 
evidence-based  medicine  have  made  a  conceptual  error  by  grouping  knowledge  derived  from  clinical 
experience  and  phvsiologic  rationale  under  the  heading  of  "evidence""  and  then  have  compounded  the 
error  by  developing  hierarchies  of  "evidence"  that  relegate  these  forms  of  medical  knowledge  to  the 
lo\^est  rungs.  Kmpirical  evidence,  when  it  exists,  is  viewed  as  the  "best""  evidence  on  which  to  make  a 
clinical  decision,  superseding  clinical  experience  and  phvsiologic  rationale.  But  these  latter  forms  of 
medical  knowledge  differ  in  kind,  not  degree,  from  empirical  evidence  and  do  not  belong  on  a  graded 
hierarchv.  As  thev  differ  in  kind,  these  other  forms  of  medical  knowledge  can  he  viewed  as  comple- 
mentarv  to  empirical  evidence  and  their  incorporation  necessarv  to  overcome  the  intrinsic  gap  noted 
above.  Clinicians,  then,  need  to  incorporate  knowledge  from  5  distinct  areas  into  each  medical  decision: 
(1)  empirical  evidence.  (2)  experiential  evidence.  (3)  physiologic  principles.  (4)  patient  and  professional 
values,  and  (5)  system  features.  Hie  relative  weight  given  to  each  of  these  areas  is  not  predetermined,  but 
varies  from  case  to  ca.se.  Kcv  \\i>nls:  cvidence-hasecl  medicine,  clinical  research,  clinical  practice,  evidence, 
values.    I  Rcspir  Care  2f)n !  ;46{  1 2 ):  1 435- 1 4401 


Introduction 

The  devclopiiicnl  and  pronuiltiatiiin  iit'  c\  idLMicc-bascd 
nicdiLinc  i1-;BMi.  which  t'ocuscs  on  ihc  dcxclopiiiLMU.  ac- 
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quisition.  critical  appraisal,  and  incoiTioration  of  evidence 
derived  from  clinical  research  initi  clinical  practice,  prom- 
ises a  more  Liniform  and  scientific  foundation  for  clinical 
practice,'  The  popularity  of  EBM.  at  least  in  concept,  is 
undeniable.  Since  1992.  when  (he  term  "evidence-based 
medicine"  was  introduced  into  the  medical  lexicon,  a 
MEDLINE  search  now  reveals  over  4.900  citations.  .Ac- 
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ceptance  and  praise  has  been  particularly  torthcoming  tVorn 
academic  medicine,  where  the  focus  has  been  on  training 
a  new  generation  of  clinicians  in  the  skills  required  to 
practice  EBM.  The  enthusiasm  for  EBM  follows,  in  part, 
from  the  recognition  that  well-designed  clinical  studies 
have  the  power  to  generate  sound  medical  knowledge  and 
to  positively  influence  medical  care.  As  Drs  Montori  and 
Guyatt  note  in  their  introduction  to  EBM,-  numerous  exam- 
ples can  be  cited  of  well-designed  clinical  trials  that  have 
resolved  longstanding  medical  controversies  or  shown  that 
particular  interventions  aie  more  likely  to  harm  than  do  good. 

Yet  despite  the  appeal  and  advantages  of  EBM,  several 
authors  have  sounded  more  cautionary  notes.' '  Although 
these  critiques  of  EBM  have  focused  on  multiple  facets  of 
EBM,  I  will  assert  here  that  EBM  remains  limited  primar- 
ily by  one  fact:  The  type  of  knowledge  gained  from  clin- 
ical research  and  systematic  reviews  is  not  directly  appli- 
cable to  the  care  of  individual  patients.  This  gap  between 
clinical  research  and  clinical  practice  cannot  be  closed 
without  the  incorporation  of  alternative  forms  of  medical 
knowledge,  including  clinical  experience  (both  personal 
and  that  of  experts),  physiologic  rationale,  and  understand- 
ing of  patient  and  professional  values.  Proponents  of  EBM 
have,  in  fact,  acknowledged  the  validity  of  some  of  these 
critiques,  and  the  definition  of  EBM  has  shifted  from  "de- 
emphasizing"  nonevidentiary  forms  of  medical  knowl- 
edge,' such  as  clinical  experience  and  pathophysiologic 
rationale,  to  "integrating""  evidence  along  with  some  types 
of  nonevidentiary  knowledge  in  clinical  decisions.** 
Thoughtful  proponents  of  EBM,  such  as  Dr  Guyatt,  call 
for  the  "conscientious  and  judicious""  use  of  evidence,  but 
go  no  further  in  explaining  what  that  statement  means. 
Unfortunately,  it  is  not  self-evident.  Instead,  the  sole  focus 
of  the  EBM  literature  remains  on  the  use  of  evidence  from 
clinical  trials  and  systematic  reviews,  telling  us  little  or 
nothing  about  how  to  actually  integrate  alternative  forms 
of  medical  knowledge  into  clinical  practice.  As  a  result  of 
this  limited  emphasis,  EBM  fails  to  provide  an  adequate 
account  of  optimal  medical  practice. 

Understanding  the  nature  of  the  gap  between  clinical 
research  and  clinical  practice  allows  for  a  discussion  of  the 
approaches  that  might  allow  the  gap  to  be  bridged.  After 
briefly  describing  this  gap  in  philosophical  terms  and  pro- 
viding clinical  examples  that  center  on  subject  matter  con- 
tained in  other  articles  in  this  issue  of  Risimkaiok"!  Care, 
I  will  propose  and  briefly  defend  one  approach  to  clinical 
decision-making  that  gives  no  priority  to  empirical  evi- 
dence derived  from  clinical  research. 

The  Relationship  Between  Clinical  Research  and 
Clinical  Practice 

The  gap  between  clinical  research  and  clinical  practice 
can  be  understood  in  at  least  2  ways.'  First,  the  type  of 


knowledge  we  gain  from  wcll-dcsigiicd  clinical  trials  and 
systematic  reviews  is  not  the  kind  of  knowledge  we  need 
when  we  face  a  particular  clinical  problem.  Clinical  re- 
search methods,  and  particularly  the  randomized  controlled 
trial,  provide  powerful  tools  for  determining  the  efficacy 
of  an  intervention  by  eliminating  the  background  noise 
created  by  individual  variability  in  the  way  disease  pre- 
sents and  healing  occurs.  This  provides  a  type  of  empirical 
knowledge  that  tells  us  something  about  how  an  interven- 
tion affects  an  "average"  patient  or  what  would  probably 
result  from  the  application  of  an  inter\ention  across  a  pop- 
ulation. The  question  faced  by  clinicians,  however,  is  not 
whether  a  therapy  works  on  average  (although  this  might 
be  an  appropriate  question  for  the  Food  and  Drug  Admin- 
istration or  a  third-party  payer),  but  whether  it  will  work  in 
the  patient  at  hand.  At  best,  clinical  research  can  provide 
for  us  some  probabilistic  int\>rmation.  but  it  can  never 
directly  answer  a  specific  clinical  question.  The  type  of 
knowledge  gained  from  clinical  research  is  informative 
but  insufficient  for  clinical  decision-making. 

The  importance  of  this  knowledge  gap  between  clinical 
research  and  clinical  practice  depends  primarily  on  the 
importance  of  indi\idual  variability  in  the  healing  process. 
If  individual  variability  is  unimportant,  then  the  knowl- 
edge gap  is  relatively  unimportant.  If  there  is  wide  indi- 
vidual variability  in  the  presentation  of  disease  and/or  re- 
sponse to  therapy,  then  the  gap  may  render  the  results  of 
a  large-scale  trial  almost  useless  in  clinical  decision-mak- 
ing. For  instance,  Dr  Dean  Hess  discusses  the  relative 
paucity  of  clinical  data  regarding  the  efficacy  of  airway 
clearance  techniques,  but  notes  the  wide  variability  of  in- 
dividual responses  to  particular  modalities.'"  This  wide 
variability  and  the  idiosyncratic  responses  to  different  clear- 
ance techniques  seen  clinically  with  cystic  fibrosis  (CF) 
patients,  for  instance,  does  not  bode  well  for  clinical  re- 
search in  that  area.  First,  the  variability  complicates  the 
performance  of  clinical  trials,  requiring  large  numbers  to 
overcome  the  inherent  "background  noise."  More  impor- 
tantly, the  indi\idual  \ariabilil)  would  severely  limit  the 
practical  value  of  any  empirical  knowledge  generated  from 
a  standard  clinical  investigation.  Imagine  we  did  ha\'e  a 
large  randomi/cd  controlled  trial  that  showed  an  a\erage 
improvement  in  FEV,  (forced  expiratory  volume  in  the 
first  second)  and  symptom  scores  and  fewer  hospitaliza- 
tions in  CF  patients  using  the  Hutter  device  than  in  those 
using  the  positive  expiratory  pressure  (PEP)  device.  One 
might  easily  misinterpret  such  a  stud\  as  proof  that  flutter 
is  better  than  PEP  in  CF  and  should  be  used  preferentially 
for  that  disease.  Yet  such  a  study  would  demonstrate  no 
such  thing.  Given  the  variability  of  response  among  indi- 
viduals, it  is  almost  certain  that  some  subjects  who  re- 
ceived PEP  would  ha\e  done  better  with  flutter  and  vice 
versa.  If  the  responses  are  trul\  idiosyncratic — that  is,  no 
measurable  differences  among  individuals  predict  response 
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lo  llKTapv.  HI  il  iIk'  slikU  Is  imahlc  In  tiiiil  aiu  mcasuiahlc 
picdiclors  (c\cn  it  ihcy  exist)  -then  it  pan  iiies  \erv  little 
inrormatidn  to  sziiide  elinical  tleeisions,  Althoiii;!)  the  iniai;- 
maiA  siinl\  shouN  riutter  hotter  on  average  than  Pl-I'.  a 
large  pereenlage  ot  individuals  with  CF  would  do  hetter 
with  I'HP.  In  deeiding  vvhieh  torm  ol  airway  elearanee  lo 
use  111  a  partieular  CF  patient,  the  study  provides  htile 
assistance.  This  limitation  holds  for  ail  clinical  trials,  w  ith 
the  exception  ot"  the  /;  of  1  trial  To  the  extent  that  indi- 
\  idual  dit'l'erenees  iniportanl  to  the  outcome  are  either  un- 
measurahle  oi'  are  not  aeeountetl  tor.  a  gap  betueen  clin- 
ical research  and  clinical  practice  remains. 

The  gap  between  clinical  research  and  clinical  practice 
is  an  ethical  gap  as  well.  I)i  (lusatt  suggests  that  EBM  has 
made  it  clear  that  values  are  important  to  clinical  decision 
making.  Though  1  am  quite  pleased  ami  relieved  to  see 
EBM  explicitly  acknowledging  the  im|iortancc  ot  values 
in  medicine.  I  would  note  that  we  did  not  require  EBM  to 
recognize  that  importance.  A  traditional  distinction  exists 
in  moral  phiUisophy  between  statements  of  fact  and  state- 
ments of  value,  and  general  consensus  exists  that  state- 
ments of  value  cannot  follow  directly  from  statements  of 
fact.  That  is.  value  judgments  need  to  be  included  in  any 
argument  troiii  lacts  it  we  hope  to  arrive  at  a  conclusion 
regarding  what  ought  to  be  done  in  a  particular  situation. 
In  medicine,  this  means  that  knowledge  derived  from  clin- 
ical research  is  never  ethicallv  prescriptive;  clinical  re- 
search does  not  tell  us  what  we  ought  to  do.  To  make  the 
jump  from  research  to  practice  we  need  to  insert  some 
values — those  of  the  patient,  ol  the  proi'ession.  and/or  of 
society.  No  clinical  decision  is  exempt  from  the  need  for 
consideration  of  values.  Although  certain  end  points  of 
clinical  research,  such  as  improved  survival,  might  seem, 
at  first  pass,  to  be  unequivocally  good  and  desirable,  even 
demonstrating  that  a  treatment  lowers  mortality  does  not 
mean  it  should  be  unitorinly  a]iplieil.  .Society  or  payers 
might  balk  al  expensive  interventions  that  provide  only 
marginal  survival  benefits,  and  indivitluals  often  do  not 
wish  for  life-prolonging  measures  when  their  quality  of 
lite  has  fallen  below  an  acceptable  nimmuim.  Low-stretch 
ventilation  improves  survival  in  acute  respiratory  distress 
syndrome  (ARDS).  but  what  if  the  associated  hypoxemia 
leads  to  greater  cognitive  deficit  in  survivors?  What  we 
should  do  in  such  a  situation  is  determined  not  bv  the 
evidence  but  by  how  we  value  an  increased  risk  ot  im- 
paired survival  relative  to  an  increased  risk  of  death. 

In  the  end,  clinical  research  alone  does  not  provide  us 
with  the  tvpe  of  knowledge  we  need  to  make  decisions 
about  the  care  of  individuals,  nor  is  it  applicable  without 
an  understanding  of  social,  professional,  and  pel  sonal  goals, 
values,  and  preferences.  The  clinician  recniires  more  tools 
than  EBM  has  thus  lar  provided  in  order  to  bridge  that  gap. 


Conceptual  FCrrors 

The  F.BM  movement  has  made  it  clear  that  knowledge 
ot  empirical  evitlence  derived  trom  relevant  clinical  re- 
search is  a  necessary  condition  for  the  practice  of  sound 
clinical  medicine.  But  the  knowledge  and  value  gap  be- 
tween such  evidence  and  the  care  of  individuals  demon- 
strates that  knowledge  of  clinical  research  is  insufficient  to 
guarantee  the  provision  of  optimal  clinical  care.  Propo- 
nents of  EBM  appear  to  reali/e  this  and  now  speak  less 
ahoiii  "(.le-emphasizing"  alternative  forms  of  medical 
knowledge,  instead  telling  practitioners  that  they  need  to 
"integrate"'  evidence  into  practice.  In  their  description  of 
EBM.  Drs  Montori  and  Guyatt  demand  that  clinicians  con- 
scientiously and  Judiciously  use  evidence,  though  little  is 
said  about  what  conscientious  and  judicious  use  of  evi- 
dence looks  like." 

Proponents  of  EBM  have  also  broadened  their  view  of 
what  constitutes  ev idence.  including  unsystematic  clinical 
experience  and  physiology,' '  types  of  knowledge  that  were 
originally  set  outside  the  realm  of  evidence.'  But  in  broad- 
ening the  concept  of  evidence.  liBM  proponents  have  felt 
the  need  to  clearly  define  a  hierarchy  of  evidence,  such  as 
appears  in  Table  1.  from  Drs  Montori  and  Guyatt's  intro- 
duction to  EBM  (in  the  November  2001  issue  of  RiiSpira- 
TORY  Care).-  These  hierarchies  (and  there  are  multiple 
different  versions  pn)mulgated)  claim  that  some  forms  of 
evidence  are  of  higher  quality  than  other  forms.  Further- 
more, these  hierarchies  are  advanced  with  either  an  ex- 
plicit or  implicit  claim  that  once  a  higher  lev  el  of  ev  idence 
is  obtained,  lower  level  evidence  is  superseded  and  be- 
comes valueless.  Two  fundamental  errors  undermine  that 
approach.  First,  hierarchies  that  lump  and  grade  evidence 
are  based  on  an  assumption  that  each  class  of  "ev  idence"" 
is  sufficientlv  similar  to  the  others  to  allow  for  a  universal 
judgment  that,  for  instance,  evidence  from  randomi/ed 
controlled  trials  is  always  ■■better""  evidence  than  that  gained 
from  clinical  experience  (see  Table  1).  The  philosophical 
claim  that  various  tvpes  ot  evidence  can  be  graded  in  such 
a  fashion  is  neither  "■ev  idence-based""  nor  scientific  in  any 
sense  of  the  word;  it  simplv    represents  a  philosophical 


Table  1 .      Hierarchy  of  Evidence:  Therapy  or  Prevention 

n  of  I  randomized  trials 

Meta-analyses  of  randonii/ed  inats 

Randomized  controlled  trials 

Systematic  review.s  of  observational  studies 

Observational  studies 

Physiologic  studies 

Unsystematic  clinical  observations 


(From  Reference 
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sliiiKi.'  tluii,  unloruiiuiicly  lor  the  liBM  nuixcincnt.  is  un- 
tenable. The  problem  v\iih  the  hieiaivhieal  approaeh  to 
evidence  is  that  proponents  ol  HBM  have  now  included  in 
their  hierarchies  types  of  "evidence"  tliat  dilter  in  kintl 
from  one  another.  That  is.  there  is  little  problem  with 
hierarchies  of  e\  idence  that  deal  only  with  empirical  e\  i- 
dence  gained  from  \  arioiis  types  of  clinical  trials  and  ob- 
sersational  studies,  as  evidence  from  large  controlled  trials 
is  sufficiently  similar  to,  say,  that  gained  from  systematic 
observational  studies  to  allow  for  direct  comparison.  But 
by  trying  to  include  clinical  experience  and  physiologic 
rationale  under  the  umbrella  of  "evidence."  EBM  makes 
the  classic  mistake  of  trying  to  compare  apples  and  or- 
anges. Experiential  knowledge  is  different  in  kind  from 
that  derived  from  empirical  research:''  reasoning  from 
physiologic  theory  is  different  in  kind  from  reasoning  from 
epidemiologic  observations.  One  can  call  them  all  "evi- 
dence." but  that  does  not  allow  them  to  be  graded  on  a 
scale  from  best  to  worst. 

The  second  eiTor  follows  from  the  first.  By  assuming 
that  all  forms  of  medical  knowledge  can  be  seen  as  evi- 
dence and  placed  in  a  hierarchical  fashion,  EBM  suggests 
that  better  evidence  supersedes  lesser  evidence,  rendering 
the  latter  superfluous.  In  the  words  of  Drs  Montori  and 
Guyatt,  evidence  at  the  top  of  the  hierarchy  always  has  a 
"greater  impact"  on  clinical  decision-making  than  that 
nearer  the  bottom.-  No  possibility  appears  to  exist  for 
personal  clinical  experience  to  trump  the  results  of  a  ran- 
domized controlled  trial  if  the  two  appear  to  conflict,  for 
the  latter  always  represents  "better"  evidence  and  we  are 
compelled  by  EBM  to  act  in  accordance  with  the  "best 
available  evidence.""  Under  this  view,  personal  clinical 
experience  or  physiologic  reasoning  remain  valuable  only 
when  there  is  a  lack  of  evidence  of  a  "belter"  sort.  But 
understanding  that  experiential  knowledge  and  phv  siologic 
reasoning  are  different  in  kind  from  empirical  evidence 
allows  for  each  to  play  a  role  in  a  particular  clinical  de- 
cision. 

Proponents  of  EBM  are  likely  to  respond  to  the  criti- 
cism outlined  abov  e  b_v  claiming  that  I  misimderstand  EBM, 
that  it  does  not  dev  alue  clinical  experience  or  other  forms 
of  medical  know  ledge  as  I  claim  it  does.  But  EliM  cannot 
simply  define  itself  in  ways  that  are  internally  inct)nsisient 
and  then  dismiss  critique  as  misguided.  By  broadly  defin- 
ing "ev  idence."  EBM  becomes  dependent  on  arbitrary  and 
decidedly  non-ev  idence-based  assumptions  of  what  things 
to  cover  under  that  umbrella.  And  without  hierarchies  of 
evidence,  the  tenets  of  1:BM  collapse,  ^et  the  hierarchies. 
by  the  very  nature  of  being  hierarchies,  devalue  the  "low- 
er" forms  of  evidence  relative  to  the  higher.  EBM  simplv 
cannot  have  it  both  ways:  it  cannot  claim  to  represent  a 
"new  paradigm"  founded  on  the  primary  value  of  empir- 
ical evidence  and  not  devalue  alternative  forms  of  medical 
knowledge. 


Hridfjinj'  the  (Jap  Between  K\idence  and  Practice 

As  noted  above,  the  gap  between  clinical  research  and 
clinical  practice  represents  both  a  knowledge  gap  and  a 
values  gap.  liBM  clearly  now  recognizes  the  values  gap 
and  cautions  all  practitioners  that  patient  preferences  and 
values  must  be  incorporated  into  clinical  decision-mak- 
ing.- A  branch  of  EBM  now  strives  to  find  a  more  explicit 
and  objective  way  to  incorporate  values  into  decision- 
making, through  the  use  of  standardized  values  assessment 
tools.  The  ultimate  success  of  this  "patient  utilities"  move- 
ment remains  doubtful,  but  a  discussion  of  the  advantages 
and  disadvantages  of  that  approach  is  beyond  the  scope  of 
this  paper.'-" 

Bridging  the  know  ledge  gap  has  garnered  less  attention, 
as  the  gap  is  not  fully  acknowledged  by  many  in  EBM. 
Part  of  the  gap  is  due  to  the  relative  paucitv  of  empirical 
evidence  to  help  guide  medical  decisions,  and  this  aspect 
is  often  vocalized  by  proponents  of  EBM.  v  irtually  always 
followed  by  a  call  for  more  funding  to  perform  clinical 
research.  The  fact  that  the  know  ledge  gained  from  clinical 
research  is  not  directly  applicable  to  individual  patients  is 
not  clearly  acknowledged.  Yet.  regardless  of  the  quality 
and  quantity  of  empirical  evidence,  this  gap  will  remain 
and  clinicians  need  a  methodology  to  help  them  over- 
come it. 

Overcoming  this  fundamental  limitation  of  EBM  de- 
pends on  the  recognition  that  cunent  hierarchies  of  e\  i- 
dence,  with  claims  of  what  universally  counts  as  "best 
evidence,"  are  fundamentally  tlavved.  Recognizing  that  ex- 
periential knowledge  and  physiologic  understanding  are 
separate  and  distinct  forms  of  medical  knowing,  not  sim- 
ply lower  forms  of  evidence,  allows  for  the  incorporation 
of  those  types  of  reasons  and  reasoning  into  every  clinical 
decision  about  an  individual  patient.  That  is.  experiential 
and  physiologic  knowledge  are  not  superseded  bv  the 
knowledge  gained  from  even  large,  well-designed  clin- 
ical trials,  but  rather  remain  necessary  to  help  overcome 
the  intrinsic  gap  between  clinical  research  and  clinical 
practice. 

Each  tvpe  of  medical  knowledge,  whether  empirical, 
experiential,  or  physiologic,  has  its  own  set  of  strengths 
and  limitations.  No  single  type  of  knowledge,  by  itself, 
allows  for  the  optimal  practice  of  clinical  medicine.  Sound 
clinical  judgment,  then,  is  the  qualitv  that  allows  for  the 
incorporation  of  v  arious  forms  of  medical  knowledge  and 
reast)ning  into  a  particular  decision. '  ■"  The  process  described 
here  differs  fundamentallv  from  the  current  expositions  of 
EBM  because  no  prmritv  is  given  to  empirical  evidence 
over  other  forms  of  medical  know  ledge.  That  is.  personal 
clinical  experience  or  plivsiologic  rationale  may  at  times 
be  compelling  enough  to  u arrant  an  acticMi  in  apparent 
contradiction  to  the  empirical  evidence,  not  simplv  in  its 
absence.  For  instance,  the  current  best  evidence  suggests 
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thai  low -sliL'li.h  vi'iililalion  mipimcs  siiiM\al  iii  ARDS, 
LompcllinL;  Ml. Ill)  cliMKians  lo  use  low  lldal  \<ihimL'  lor  all 
AKHS  |\iiiciiis.  Allhinigh  this  siralcjiy  is  \vell-tolcrali.'il  m 
aggregate,  certain  individual  patients  may  not  I-il-ikIii  Iichii 
the  intervention.  What  to  do  with  the  ARDS  patient  who, 
when  \entilated  with  low -tidal  \oiimie,  experiences  car- 
diac anh\thinias  as  his  pi  I  tails  to  7.25'.'  The  best  evidence 
suggests  that  low -stretch  ventilation  is  better  for  the  "av- 
erage" ARDS  patient,  but  certain!)  iloes  not  tell  us  that  it 
is  better  tor  all  .ARDS  patients.  Do  we  ignore  the  physio- 
logic coinplicalions  in  our  individual  |iatient.  or  do  we 
increase  the  tidal  volume  despite  the  ein|iirical  evidence  of 
associated  higher  mortality'.'  Are  we  allowed,  in  EBM.  to 
trump  the  ev  idence  tor  phv  siologic  reasons'.'  Based  on  clin- 
ical experience'  Is  this  what  is  meant  by  a  "conscientious 
and  judicious"  use  ol  the  ev  idence'.' 

ir  we  dismiss  the  current  hierarchies  of  EBM  ami  con- 
sider types  of  medical  know  ledge  that  differ  in  kind  sep- 
arately, 5  topics  relevant  to  clinical  ticcision-niaking  can 
be  distinguished  (Table  2). 

In  any  given  clinical  situation,  the  relative  weight  given 
to  each  of  these  particular  areas  will  vary.  No  topic  area  is 
necessarily  determinative.  Many  times,  when  each  of  the 
topic  areas  points  in  the  same  direction,  decisions  will  be 
relatively  simple.  When  the  empirical  evidence,  personal 
experience,  expert  opinion,  and  physiologic  understanding 
coincide,  a  reconnncndation  is  straightforward  and  the 
course  of  action  determined  only  by  the  patient's  willing- 
ness and  the  a\  ailabilitv  of  the  intervention.  At  other  times. 
as  in  the  case  described  above  of  the  ARDS  patient  with 
arrhythmias,  empirical  evidence  may  contlict  with  per- 
sonal experience  or  physiologic  reasoning,  and  we  are  left 


Table  2.      Five  Topics  Relevant  to  Clinical  Decision-Making 


Empirical  evidence 

Experiential  evidence 

Physiologic  rationale 
Values 

Svstem  features 


Derived  from  clinical  research,  including 
systematic  reviews,  randomized 
controlled  trials,  other  controlled 
studies,  and  cohort  studies 

Derived  from  personal  clinical 
experience  or  the  clinical  experience 
of  others  (experts  i 

.Applies  an  understanding  ol  physiologic 
principles 

Includes  patient  and/or  family  goals  and 
preferences,  as  well  as  professional 
values 

Includes  economic,  logistic,  legal,  and 
cultural  facilitators  or  barriers  to  the 
provision  of  medical  care.  This  topic 
is  partly  noted  by  Monlori  and  Guyatl 
as  "a  sense  of  resource  availability. "- 
It  certainly  does  not  matter  if  low- 
stretch  ventilation  lowers  mortality  in 
ARDS  if  one  does  not  have  access  to 
a  ventilator 


to  tletemimc  which  is  moic  compelling.  This  defines  the 
essence  ol  sound  clinical  ludgment:  how  we  weigh  differ- 
ent forms  of  metlical  utulerstanding  in  order  to  come  to  a 
decision  tli.it  IS  best  for  the  patient  at  hand.  At  times,  the 
weight  of  empirical  evidence  can  seem  so  strong  that  it 
may  seem  we  can  effectively  ignore  other  potential  war- 
rants for  action,  but  to  do  so  is  to  do  the  patient  a  disser- 
vice. To  prov  idc  optimal  care,  clinicians  must  continue  to 
use  all  of  the  medical  knowledge  and  understanding  at 
their  disposal,  recognizing  the  strengths  and  limitations  of 
each.  This  understaniling  of  clinical  judgment  has  impor- 
tant implications  for  cliincal  medicine.  First,  since  con- 
vincing warrants  for  action  mav  come  liom  within  any  of 
the  5  topics,  empirical  evidence,  regardless  ot  qualitv  or 
quantity,  will  never  be  prescriptive.  That  is.  the  evidence 
never  tells  w hat  we  must  do.  In  addition,  the  presumptive 
and  indivitlual  nature  ol  the  conclusions  anticipates  and 
allows  for  variability  of  practice  among  clinicians.  Clinical 
medicine  remains,  at  its  core,  a  personal  and  prudential 
discipline. 

Summary 

This  discussion  oi  the  limits  of  EBM  should  not  be 
interpreted  as  itself  devaluing  the  importance  of  clinical 
research  for  clinical  decision-making.  The  value  of  well- 
designed  and  well-conducted  research  is  great,  as  one  can 
see  from  reading  the  preceding  articles  in  this  (and  the 
previous)  issue  of  Respir.atorv  Cari;.  EBM,  in  attempting 
to  define  itself,  has  gradually  come  to  recognize  and  ac- 
knowledge, to  some  degree,  the  value  of  alternative  forms 
of  medical  knowledge  and  reasoning  for  clinical  decision 
making.  But  by  attempting  to  classify  experiential  knowl- 
edge and  physiologic  reasoning  under  the  auspices  of  "ev- 
idence" and  then  relegating  them  to  the  realm  of  "lesser" 
evidence  by  promulgating  arbitriiry  hierarchies.  EBM  fails 
to  recognize  that  these  forms  of  medical  knowledge  and 
reasoning  remain  important  for  bridging  the  necessary  gap 
between  research  and  practice.  Empirical  evidence,  no  mat- 
ter the  quality  or  quantity,  even  with  the  incorporation  of 
patient  values  and  preferences,  will  never  be  sufficient  to 
determine  optimal  clinical  practice.  Clinicians  must  con- 
tinue to  muster  all  forms  of  medical  knowledge  at  their 
disposal,  weighing  the  relative  importance  of  each  with 
regard  to  the  patient  at  hand,  in  order  to  come  to  the  best 
decision  for  that  individual. 
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Discussion 

Ellrodt:  Mark,  1  would  disagree 
with  you  on  one  thing,  going  back  to 
the  line  |in  author'.s  slide  presentation] 
that  there  is  some  evidence  that  dis- 
tant prayer  actually  does  improve  out- 
comes. 

Tonelli:  There's  a  lot  of  good  evi- 
dence about  prayer  and  homeopathy; 
it's  all  floating  out  there.  It's  interest- 
ing and  speaks  to  our  unwillingness  to 
necessarily  become  highly  evidence- 
based  on  anything.  That  is,  evidence 
is  great,  but  it's  got  to  fit  with  our 
biophysiologic  model.  It's  got  to  fit 
with  some  other  forms  of  understand- 
ing. But  I  like  the  distant  prayer  ma- 
trix. It's  very  hard  to  actually  measure 
the  quality  of  prayer,  though,  if  some- 
bt)dy  could  come  up  with  that. 

Rowe:  I'm  very  happy  to  hear,  after 
looking  at  the  title,  ihat  you  entirely 
agree  with  Gordon  Guyatt!  I  think  that 
many  of  the  people  attending  these 
sessions  are  believers.  However,  we 
also  recognize  that  EBM  has  been 
abused,  and  like  you  say,  if  you  put 
the  term  "evidence-based  medicine" 
in  the  title  of  your  article,  you're  in- 
creasing the  likelihood  of  publication. 
A  lot  of  work  that  claims  to  be  evi- 
dence-based medicine  is  nothing  close 
to  evidence-based  medicine.  I  think 
that  if  we  realize  that  its  being  mis- 


used, then  that's  a  good  thing  and  then 
we  can  restrict  our  comments  to  irue 
evidence-based  medicine.  I  think  the 
reality  is  that  what  you're  describing 
is  essentially  what  EBM  is  moving 
toward.  We're  not  minimizing  pa- 
tients' values.  We're  using  the  best 
evidence.  It  may  not  be  a  systematic 
review.  It  may  not  be  a  randomized, 
controlled  trial.  You've  broken  up  ex- 
perience into  3  areas:  one  is  physio- 
logic, one  is  experience,  the  other  is 
system  factors,  I  would  argue  that  phy- 
sicians or  clinicians  or  whoever  is  mak- 
ing the  decision  with  the  patient  is 
using  all  of  those  factors  together  in 
what  we  would  consider  "experience," 
and  that  the  final  decision  for  the  pa- 
tient is  a  combination  of  those  3  do- 
mains. So  I  don't  think  the  people  that 
propose  evidence-based  medicine  are 
that  far  away  from  what  you're  de- 
scribing. 

Tonelli:  I  agree,  and  1  hope  that's 
true,  I  think  one  important  distinction 
that  we  need  to  address  is  when  we 
start  talking  about  hierarchies  of  evi- 
dence, and  when  you  throw  some 
things  into  the  evidence  pool  and  leave 
some  things  out.  We  all  understand 
empirical  evidence,  but  if  you  label 
clinical  experience  and  physiologic 
understanding  as  "e\  idence,"  and  then 
you  say  we  work  on  the  lusi  c\  idence, 
and  the  hierarchy  is  designed  so  that 
the  best  evidence  comes  from  clinical 


research  (what  1  call  empirical  evi- 
dence), it  raises  the  question  o{ 
whether  the  other  stuff  becomes  un- 
important once  you  have  empirical  ev- 
idence. 

The  hierarchies  of  evidence  and 
practice  guidelines  go  all  the  way 
through  the  types  of  empirical  evi- 
dence and  get  to  the  conflicting,  lousy 
studies,  and  below  that  they  put  ex- 
pert opinion.  Expert  opinioni  My  ar- 
gument here  is  that  that's  an  experi- 
ential type  of  knowledge.  It  doesn't 
belong  on  that  list  of  e\  idence  at  all. 
It's  an  entirely  different  kind  of  med- 
ical knowledge.  So  to  some  degree 
it's  an  important  distinction.  Are  we 
talking  about  different  kinds  of  med- 
ical knowledge?  Because  then  hier- 
archies don't  make  sense.  Are  they  dif- 
ferent in  kind  or  different  in  degree'  Is 
evidence  from  randomized  controlled 
trials  always  better  than  e\'idence  from 
clinical  experience?  1  think  the  answer 
is  no.  Sometimes  clinical  experience 
trumps  the  evidence  from  a  randomized 
controlled  trial,  and  sometimes  arguing 
from  physiologic  rationale  impro\es  on 
your  decision,  relative  to  arguing  strictly 
from  the  evidence.  So  there's  that  dis- 
tinction, which  I  think  is  an  important 
one,  and  I'm  not  sure  what  the  evidence- 
based  community  has  to  say  about  that. 
They're  fond  of  hiciiirchies. 

I  have  absolutely  no  problem  w  ith 
a  hierarchy  of  empirical  evidence  that 
stops  when  you  stop  talking  about  clin- 


1440 


Respiratory  Caki  •  Dfcember  2001  Vol  46  No  12 


,  IIL  LlMIIS  (Jl    liVIDl-.NCli-BASl.U  MlUIC  INt 


ical  research.  Once  you  start  throwing 
in  things  thatare  experiential,  it  be- 
comes prohleniatic. 

The  other  thing  is  that  I  lio  think  the 
evidence-based  community  bears 
some  responsibihty  for  the  misinter- 
pretations o\'  HBM  in  that,  if  you  don't 
talk  about  something,  it  implies  you 
don't  think  it's  important.  When  ycni 


say  in  an  introduction  to  a  textbook 
that  integrating  clinical  experience  and 
pathophysiologic  rationale  is  impor- 
tant, and  then  nowhere  else  in  the  text 
do  you  discuss  how  to  do  that,  or  even 
discuss  clinical  experience,  you're 
suggesting  that  mavbe  you  don't  think 
it's  so  important  after  all.  I  think  that 
people  are  misunderstanding  EBM 


when  they  say.  'They  devalue  my  20 
years  of  clinical  experience,  saying  it's 
worth  nothing."  That's  not  what  HBM 
proponents  arc  saying.  But  thev  bear 
some  responsibility  for  that  misinter- 
pretation. I  welcome,  and  I  think  many 
people  will,  a  discussion  by  EBM  pro- 
ponents about  how  that  integration  ac- 
tually should  happen. 
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Understanding  Why  We  Agree  on  the  Evidence 
but  Disagree  on  the  Medicine 


Gordon  D  Rubenfeld  MD  MSc 


Introduction 

Clinical  Decisions:  Implicit  or  Explicit 

From  Kvidcnce  to  Belief 

From  Belief  to  Decision 

Understandinjj  Conflicts  When  the  Fvidence  Is  Uncertain 

A  Concluding  Proposal 


Despite  the  fact  that  physicians,  nurses,  and  respiratory  therapists  share  a  common  training  in 
scientific  evidence  and  frequently  share  a  common  understanding  of  the  evidence,  debates  occur 
about  the  proper  management  of  individual  patients.  Clinicians  may  interpret  this  as  a  failure  of 
evidence-based  medicine,  when,  in  fact,  evidence  is  only  one  of  many  factors  that  play  a  role  in 
clinical  decision-making.  By  clearly  understanding  the  other  factors  that  affect  clinical  decision 
making — prior  beliefs  about  treatment  effectiveness,  patient  and  clinician  values,  and  clinical  ex- 
pertise—  clinicians  can  better  understand  which  clinical  disagreements  are  about  scientific  evidence 
and  which  are  about  other  factors.  AVy  words:  evidence-based  medicine,  decision  making,  values, 
expertise,  evidence.     (Respir  Care  2001  ;46(1 2):  1442-1449] 


Introduction 

A  1 9-year-old  woman  was  involved  in  a  high  speed 
motor  vehicle  collision  and  sustained  severe  thoracic  and 
skeletal  trauma.  Eighteen  hours  after  admission  she  devel- 
oped profound  hypoxemic  respiratory  failure  and  was  di- 
agnosed with  acute  respiratory  distress  syndrome.  Within 
several  hours  she  was  on  100%  oxygen,  high  levels  of 
positi\e  end-expiralory  pressure,  and  low-volume  pres- 
sure-limited ventilation,  and  was  paraly/ed  but  continued 
to  have  frequent  oxygen  desaturations  to  80%,  associated 
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with  bradycardia.  Two  intensivists.  equally  familiar  with 
the  recent  studies  on  therapy  for  acute  respiratory  distress 
syndrome  met  to  discuss  treatment  options,  including  prone 
positioning,  inhaled  nitric  oxide,  and  high-trequency  os- 
cillation, A  vigorous  debate  ensued  o\  er  the  use  of  inhaled 
nitric  oxide,  Dr  Advocate  thought  that  inhaled  nitric  oxide 
was  indicated  and  cited  animal  studies,  the  lack  of  a  sut- 
t'iciently  ill  subgroup  in  the  clinical  Uials,  and  the  basic 
physiologic  tact  that  you  cannot  sur\ i\c  acute  respiratory 
distress  syndrome  if  you  die  of  h\poxemia.  Dr  Skeptic 
pointed  to  the  clinical  trials  showing  lack  of  mortality 
benefit  and  the  number  of  studies  from  cardiology  and 
critical  care  that  show  that  impro\ ing  ph\siolog\  does  not 
necessarily  improve  survival.  At  one  point.  Dr  Advocate 
accuses  Dr  Skeptic  of  being  a  slave  to  the  evidence.  Dr 
Skeptic  responds  by  accusing  Dr  Advocate  of  not  being  a 
scientific  physician. 

Sometimes  it  is  difficult  to  understand  wh\  there  is  any 
debate  about  evidence-based  medicine  (EBM).  W\  medi- 
cal, nursing,  and  allied  health  schttols  teach  diagnosis  and 
therapeutics  grounded  in  the  basic  sciences  of  biochemis- 
try, physiology,  pharmacology,  and  microbiology.  If  med- 
icine is  not  based  on  scientific  evidence,  then  one  won- 
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ders.  On  what  is  it  based?  Debates  about  the  \  ahie  of  EBM 
are  expeeted  between  an  allopathic  phNsieian  and  a  Chris- 
tian Science  healer  who  bases  her  treatment  recommenda- 
tions on  faith  and  the  writings  of  Mary  Baker  Fiddy.  or 
between  a  physician  and  folk-based  practitioners  of  tradi- 
tional Chinese  medicine,  who  base  their  treatments  on 
collected  experience  passed  along  in  written  and  oral  form. 
However,  as  the  proceedings  of  this  Journal  Conference 
indicate,  debates  about  the  appropriate  role  of  EBM  in 
everyday  clinical  decisions  occur  boiwoen  clinicians  who 
share  similar  scientific  training. 

.*\s  outlined  by  Guyatt  in  these  proceedings  and  else- 
where, at  least  some  of  this  debate  is  based  on  a  misun- 
derstanding of  EBM.'  Critics  have  argued,  as  Tonelli  has 
in  these  proceedings,  that  EBM  is  flawed  because  evi- 
dence alone  is  never  enough  to  direct  a  clinical  decision. - 
There  appears  to  be  no  disagreement  between  EBM  advo- 
cates and  their  critics  on  this  point. 

Evidence-based  medicine  is  (he  cdnscicnlious.  ex- 
plicit, and  judicious  use  of  current  best  evidence  in 
making  decisions  about  the  care  of  individual  pa- 
tients. The  practice  of  EBM  means  integrating  in- 
dividual clinical  expertise  with  the  best  available 
external  clinical  evidence  from  systematic  research 
....  External  clinical  evidence  can  inform,  but  can 
never  replace.  indi\  idual  clinical  expertise,  and  it  Is 
this  expertise  that  decides  whether  the  external  e\- 
idence  applies  to  the  individual  patient  at  all  ...  .' 


Although  that  definition  rescues  EBM  from  the  criti- 
cism that  it  ignores  clinical  judgment,  it  offers  no  defini- 
tion of  clinical  expertise  or  practical  advice  on  identifying 
expertise  in  ourselves  or  others. 

Instead  of  addressing  these  philosophical  concerns  about 
the  role  of  scientific  evidence  in  medicine  or  the  definition 
of  clinical  expertise.  I  would  like  to  focus  on  more  mun- 
dane questions — exemplified  by  the  vignette  at  the  begin- 
ning of  this  article — that  occur  daily  in  clinical  medicine. 
Two  excellent  clinicians,  each  well  acquainted  with  the 
scientific  evidence  about  the  diagnosis  and  management  of 
a  particular  disease,  each  equally  skilled  in  critical  ap- 
praisal of  the  literature,  and  each  equally  likely  to  formu- 
late an  argument  based  on  scientific  evidence,  disagree 
strongly.  One  would  expect  that  a  shared  understanding  of 
the  evidence,  of  the  proper  role  of  evidence  in  informing 
medical  decisions,  and  of  the  tools  for  e\  aluating  the  ev- 
idence would  allow  one  clinician  to  con\  ince  the  other  of 
the  optimal  waN  to  manage  the  case.  Based  on  the  defini- 
tion of  EBM.  these  disputes  might  be  attributed  simply  to 
differences  in  clinical  expertise:  they  disagree,  quite  sim- 
ply, because  one  has  better  clinical  judgment  than  the 
other.  To  know  who  is  correct  and  whether  it  is  appropri- 
ate to  use  a  given  treatment,  we  need  only  decide  w ho  has 


more  clinical  expertise,  liesides  the  fact  that  this  question 
is  not  particularly  decidable,  it  fails  to  capture  the  depth  of 
these  conflicts,  which  are  not  solely  due  to  differences  in 
clinical  judgment.  If  ihey  were,  then  these  debates  would 
occur  only  at  the  bedside  when  specific  patients  were  un- 
der consideration.  In  reality  they  occur  in  the  editorial 
pages  of  our  journals,  at  pro-con  debates  at  our  profes- 
sional meetings,  and  in  theoretical  discussions  about  the 
value  of  treatments  and  diagnostic  tests. 

My  goal  is  to  explore  the  reasons  evidence-based  clini- 
cians can  and  iiften  do  agree  on  the  evidence  but  disagree 
on  the  medicine.  This  experience  often  leads  clinicians  to 
reject  EBM  as  a  failure  when  they  disagree  with  a  set  of 
evidence-based  guidelines,  or  when  they  disagree  with  a 
colleague  who  claims  that  his  practice  is  evidence-based. 
I  would  like  to  provide  clinicians  with  a  road  map  to 
understand  why.  even  when  armed  with  the  same  critical 
literature  appraisal  skills  and  even  after  reading  the  same 
studies,  Cochrane  Reviews,  and  meta-analyses,  clinicians 
find  themselves  disagreeing  with  a  colleague  or  a  guide- 
line. The  nature  of  these  disagreements  sheds  light  on  our 
clinical  decision  process  and  on  both  the  strengths  and 
limitations  of  EBM. 

Clinical  Decisions:  Implicit  or  F.xplicit 

A  great  deal  of  clinical  decision-making  is  influenced 
by  factors  that  are  rarely  made  explicit.  Some  unconscious 
factors  like  hunches  and  clinical  intuition  may  be  benefi- 
cial and  contribute  to  clinical  expertise.  Unfortunately,  cog- 
nitive psychology  teaches  us  that  many  of  these  uncon- 
scious factors  are  detriinental  to  rational  decision-making 
and  include  cognitive  biases  and  rules  of  thumb. ^  The 
availability  heuristic  exaggerates  the  frequency  of  easily 
remembered,  if  rare,  events  and  accounts  for  the  drop  in 
plane  travel  in  the  weeks  after  a  major  crash.  The  same 
unconscious  bias  may  decrease  a  surgeon's  threshold  to 
operate  in  the  weeks  after  a  benign-appearing  patient  was 
sent  home  from  the  emergency  room  only  to  return  with  a 
burst  appendix.  We  also  tend  to  rely  on  simple  rules-of- 
thumb:  for  example,  the  lesson  received  over  an  op)en 
abdomen  during  residency  when  an  attending  surgeon 
waved  a  normal  appendix  and  said.  "It's  better  to  take  out 
one  hundred  of  these  than  to  let  even  one  burst!"  That 
these  factors  influence  our  decisions  is  part  of  being  hu- 
man. That  they  influence  our  decisions  without  our  being 
aware  of  them  or  able  to  discuss  them  reflects  a  lack  of 
training.  Requiring  clinicians  to  justify  the  rationale  for 
their  decisions  in  explicit  terms  of  probabilities  and  evi- 
dence is  an  essential  aspect  of  EBM. 

The  extent  to  which  medical  decisions  can  be  reduced  to 
explicit  probabilities,  and  the  benefits  of  this  style  of  de- 
cision-making, are  old  debates.  To  the  ancient  Greeks, 
medicine  was  an  art  (ickne)  in  the  same  category  as  archi- 
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tcclLMV.  painting,  and  mclalsniithinu.  H\cn  today  much  el 
medical  tiaininj;  lakes  the  rorm  of  apprenticeship:  sec  one, 
Jo  one.  leach  one.  For  years  the  art/science  duality  of 
medical  practice  has  generated  debate  o\  er  the  proper  train- 
ing and  selection  of  clinicians.^  Is  something  of  the  art  of 
medicine  lost  v\hen  it  is  reduced  to  evidence,  algorithms, 
and  diagnostic  technology?  Is  something  of  its  humanity? 
K  1-BM  a  threat  to  the  professional  integrity  of  clinicians'.' 

The  tran.sfannation  is  complete.  My  eyes 

Are  microscopes  and  cathode  x-ray  tubes 

In  one,  so  I  can  see  bacteria. 

Your  undenvear,  and  even  through  to  hones. 

My  hands  are  hypodermic  needles,  touch 

Turned  into  blood:  I  need  to  know  your  salts 

And  chemistries,  a  kind  of  intimacy 

That  won 't  bear  pondering.  It 's  more  than  love. 

More  weird  than  ESP — my  mouth,  for  instance. 

So  small  and  sharp,  a  dry  computer  chip 

That  never  gets  to  kiss  or  taste  or  tell 

A  brief  truth  like  "You're  beautiful,"  or  worse, 

"You're  cning  just  like  me:  you  are  alive."'' 

When  I  went  to  the  scientific  doctor 

I  realised  what  a  lust  there  was  in  him  to  wreak  his 

so-called  science  on  me 
and  reduce  me  to  the  level  of  a  thing. 
So  I  said:  Good-Morning!  and  left  him.^ 

Attempts  to  make  medical  decisions  explicit  may  strike 
some  as  intrinsically  dehumanizing  to  the  patient  and  cli- 
nician. Expecting  the  \irtuosos  of  our  profession  to  ex- 
plain why  they  think  a  given  test  is  indicated  or  how  they 
reached  their  decisions  may  make  them  less  special  or 
reveal  that  they  weren't  special  to  begin  with.  Of  course. 
the  essential  humanity  of  the  clinician-patient  relationship 
has  more  to  do  with  communication  skills,  compassion, 
and  trust  than  theories  of  medical  decision-making.  Fears 
that  EBM  and  explicit  decision-making  will  dehumanize 
medicine  seem  unfounded. 

From  Kvidence  to  Ik'lit'f 

Before  evidence  can  influence  your  practice,  it  has  to 
change  your  belief.  Every  month  our  division  hosts  a  jour- 
nal Club.  A  trainee  presents  a  recent  article  from  the  med- 
ical literature  and  it  is  critically  appraised.  A  vigorous 
discussion  follows  of  the  merits  and  limitations  of  the 
study.  Eventually,  the  discussion  slows  and  somct)ne  asks. 
"So  do  you  believe  this  study?  Will  it  change  your  prac- 
tice?" After  reading  the  same  article  and  participating  in 
the  same  discussion,  it  is  surprising  that  opinions  range 
from  "absolutely  not"  through  "probably  not"  and  "I'll 
wait  for  the  next  study"  to  "I'd  certainly  consider  it. "  Not 
too  surprising  is  the  fact  that  most  of  these  opinions  are  the 


same  as  before  they  read  the  article  and  before  they  arrived 
at  .lournal  Club. 

When  you  read  the  results  of  a  study,  how  much  does 
the  study  change  your  belief?**  This  is  a  more  complicated 
question  than  it  appears  and  is  influenced  by  ^  factors. 
Tv\'o  of  these,  statistical  confidence  and  study  validity,  are 
well  known  to  readers  of  the  scientific  literature.  .Statistical 
confidence  is  expressed  in  the  study  result,  its  confidence 
interval,  and  associated  p  value.  Studies  with  statistically 
significant  results  with  narrow  confidence  intervals  pro- 
vide a  great  deal  of  statistical  confidence.  L'nfortunately. 
statistical  confidence  is  not  \ei\  helpful  if  the  study  design 
was  biased,  flawed,  invalid,  did  not  include  the  right  pa- 
tient population,  or  did  not  deli\er  the  therapy  or  diagnos- 
tic test  correctly. 

For  example,  an  observational  study  showed  with  sta- 
tistical confidence  that  pulmonary  artery  catheters  were 
associated  with  increased  mortality."  Howe\er.  the  study 
design  could  not  completely  eliminate  the  possibility  that 
patients  who  received  pulmonary  artery  catheters  were 
sicker,  and  therefore  this  study  has  less  effect  on  our  be- 
liefs than  a  study  that  could  have  addressed  that  issue. 
Evidence-based  medicine  pro\  ides  an  extensive  set  of  tools 
to  critically  evaluate  studies  to  assist  readers  in  deciding 
how  valid  the  studies  are  and  how  much  they  should  in- 
fluence our  beliefs.'"  Although  it  is  a  simplification,  a 
general  hierarchy  of  study  design  is  frequently  cited  that 
deems  systematic  reviews  of  multiple  clinical  trials  the 
most  valid  and  "expert  opinion  without  explicit  critical 
appraisal  or  based  on  physiology,  bench  research,  or  "tlrst 
principles'"  the  least  valid." 

The  importance  of  the  third  factor  that  affects  believ- 
ability  is  illustrated  with  a  simple  example.  Homeopathic 
remedies  are  organic  substances  diluted  in  water  to  the 
point  that  there  are  few.  if  any .  of  the  original  molecules 
present  in  the  treatment.  .\  homeopathic  remedy  is  so  di- 
lute that  the  standard  theories  ot  pharmacology  and  bio- 
physics cannot  explain  any  biologic  activity.  Ct)nlrar\  tt) 
conventiinial  pharmacologic  dose-response  relationships, 
more  dilute  remedies  are  said  to  he  more  potent.  Despite 
the  obvious  contradiction  w  iih  standard  pharmacology  the- 
ory, patients  all  o\er  the  world  use  homeopathy  e\ery  day : 
several  well  designed  randomi/ed  double-blind  clinical  tri- 
als and  at  least  one  meta-analysis  indicate  the  superiority 
of  homeopathy  to  placebo.'-  Is  the  evidence-based  clini- 
cian obliged  to  accept  this  high-level  evidence  of  effec- 
tiveness and  provide  homeopathic  remedies,  discarding 
decades  of  accumulated  know  ledge  about  how  molecules 
interact  with  living  cells?  Surely  there  ;ire  explanations  for 
those  positive  trials:  publication  bias  suppressed  negative 
studies  or  chance  alone  caused  the  occasional  positive  study 
of  an  ineffective  therapy.  That  may  explain  the  homeop- 
athy trials,  but  that  is  not  the  question.  The  question  is. 
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Why  are  we  more  skeptical  of  this  p;irticular  therapy  than 
others  in  the  face  of  evidence'.' 

The  answer  is  that  we  are  all  good  Bayesian  rcasoners. 
Phrased  somewhat  intuitively.  ISih  century  English  math- 
ematician Thomas  Bayes  showed  that  yourevidencc-hascd 
heliefs  ahoiit  the  world  are  related  to  the  strength  of  the 
evidence  presented  to  you  ("statistical  confidence"  and 
"validity"  in  the  terms  used  in  this  essay;  "likelihood  ra- 
tio" or  "likelihood  function"  in  Bayesian  terms)  ciiul  the 
beliefs  you  had  constructed  based  on  available  evidence 
before  you  learned  the  new  evidence  ("prior  probability" 
or  just  "prior"  in  Bayesian  terms). '^  So  if  I  have  a  very 
strong  belief  that  unicorns  do  not  exist  and  you  tell  me  you 
have  one  in  your  backyard,  then  seeing  it  through  the 
window  is  not  going  to  convince  me  that  that  single-horned 
animal  is  a  unicorn,  because  that  observation  lacks  suffi- 
cient validity  (the  likelihood  ratio  is  not  high  enough).  I 
will  want  stronger  e\'idence.  I  may  want  to  come  over  and 
pull  on  the  horn  or  take  a  skull  radiograph.  Alternatively, 
if  I  have  a  strong  prior  that  horses  do  exist  and  you  tell  me 
that  you  have  one  in  your  backyard,  it  won"t  take  much  to 
convince  me  that  you"ve  got  one.  I  may  even  take  your 
word  for  it.  Similarly,  if  I  have  a  strong  prior  that,  gener- 
ally speaking,  biologic  molecules  must  be  physically 
present  to  exert  an  effect  on  cells,  then  it  will  take  a  very 
compelling  body  of  evidence  to  con\ince  me  of  the  effec- 
tiveness of  homeopathy.  I  will  be  inclined  to  believe  that 
positive  clinical  trials  are  false  positive  trials  and  that  neg- 
ative trials  have  been  suppressed.  Contrast  this  with  the 
minimal  evidence  it  will  take  to  convince  me  that  a  new 
modified  cephalosporin  antibiotic  kills  streptococci. 

Bayesian  reasoning  is  intuitive  for  clinicians,  who  im- 
plicitly or  explicitly  apply  it  every  time  we  perform  a 
diagnostic  test.  In  this  application  we  talk  about  prior  prob- 
ability of  di.sease  (beliefs  you  constructed  before  ordering 
the  test),  accuracy  of  the  test  (likelihood  ratio  of  the  test), 
and  posterior  probability  of  disease  (strength  of  your  new 
beliefs  after  the  test  results).  We  believe  pulmonary  an- 
giogram:- more  than  ventilation-perfusion  scans  for  the 
same  reasons  we  believe  randomized  clinical  trials  more 
than  case  series.  They  both  have  higher  likelihood  ratios. 
If  we  really  think  someone  has  had  a  pulmonary  embo- 
lism, a  nearly  normal  ventilation-perfusion  scan  won't  be 
enough  evidence  to  convince  us  otherwise.  If  we  agree 
with  one  clinical  investigator  who  wrote  that  it  "is  hard  to 
imagine  that  [inhaled  nitric  oxide]  with  such  wide  and 
consistent  physiologic  benefit  cannot  fmd  a  niche  in  adult 
medicine."'''  then  it  may  take  many  negative  clinical 
trials  to  convince  us  that  inhaled  nitric  oxide  lacks  clin- 
ical utility. 

The  Bayesian  nature  of  scientific  reasoning  makes  sense. 
New  knowledge  is  di.scounted  when  unexpected,  unless  it 
is  compelling  in  quality.  Skeptics  will  criticize  and  aco- 
lytes will  advocate  until  the  evidence  is  sufficiently  strong 


to  bring  consensus.  Even  at  that  point,  there  will  be  out- 
liers with  particularly  strong  priors  that  continue  to  criti- 
cize or  advocate  for  a  long  time.  How  is  this  possible? 
Becau.se  scientific  research  rarely  speaks  with  a  single 
voice.  No  study  can  be  interpreted  in  isolation  and  none  is 
perfect.  Techniques  for  combining  evidence  using  meta- 
analysis are  available,  but  even  sophisticated  meta-analy- 
sis techniques  have  problems  incorporating  variations  in 
study  quality,  study  populations,  and  study  intervention. 
Even  though  there  are  accepted  criteria  to  critically  eval- 
uate the  study,  there  is  always  some  aspect  that  a  reader 
with  a  sufficiently  strong  prior  can  find  to  criticize.  Con- 
sider the  negative  clinical  trial.  Skeptics  of  the  treatment 
readily — perhaps  too  readily — accept  it  as  evidence  that 
the  treatment  is  useless.  Advocates  raise  the  issues  of  lack 
of  power,  improperly  delivered  therapy,  and  incorrect  pa- 
tient population,  and  point  to  imbalances  between  the  treat- 
ment and  control  groups. '''  "' 

The  effects  of  varied  priors  on  levels  of  confidence  in 
treatment  decisions  are  not  a  problem  when  the  likelihood 
ratio  of  the  available  evidence  will  o\erwhelm  any  prior; 
when,  for  example,  there  are  dozens  of  consistent  random- 
ized clinical  trials  and  multiple  meta-analyses  of  various 
methodology  yielding  the  same  evidence  of  benefit  or  harm. 
It  is  nearly  impossible,  or  at  least  irrational,  to  defend 
one's  prior  in  the  presence  of  that  level  of  evidence.  For 
example,  there  are  few  clinicians  who  doubt  that  aspirin  or 
j3  blockade  reduce  mortality  after  myocardial  infarction  or 
that  inhibiting  angiotensin-converting  enzyme  prolongs 
survival  in  patients  with  congesti\e  heart  failure.  On  the 
other  hand,  consider  the  conclusions  of  a  recent  meta- 
analysis of  total  parenteral  nutritional  (TPN)  in  critical 
illness:  "while  TPN  may  have  a  positive  effect  on  nutri- 
tional end  points  and  on  even  minor  complications,  the 
overall  results  of  our  meta-analysis  fail  to  support  a  benefit 
of  TPN  on  mortality  or  major  complication  rates,  partic- 
ularly in  critically  ill  patients."'-'  With  the  exception  of  a 
dogmatic  stance  that  TPN  must  be  provided  to  save  lives 
in  the  critically  ill.  that  meta-anal\  sis  could  support  a  range 
of  clinical  opinions  about  the  use  of  TPN,  depending  on 
one's  assessment  of  its  risks  and  the  \alue  of  "nutritional 
end  points." 

From  Belief  to  Decision 

Decisions  involve  much  more  than  beliefs  about  the 
evidence  of  effecti\eness  of  treatments  or  diagnostic  tests. 
As  noted  pre\ iously.  decisions  in\olve  assessing  whether 
the  available  data  apply  to  a  particular  patient.  For  exam- 
ple, are  the  data  from  a  clinical  trial  showing  benefits  from 
a  lung-protective  ventilator  strategy  in  acute  respirator) 
distress  syndrome  applicable  to  patients  with  cirrhosis  even 
though  they  were  excluded  from  the  trial?  .'Xre  the  mech- 
anism of  the  treatment  and  the  pathophysiology  of  cirrho- 
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sis  siiL'h  tliai  king-protecti\L-  \ontil;ilioii  is  iinlikcls  to  be 
etTccli\c  or  more  likely  to  bo  harmful  m  cirrhotic  patients'.' 
Does  the  lack  of  efficacy  of  inhaled  nitric  oxide  in  a  broad 
population  of  adults  with  acute  respiratory  distress  syn- 
drome preclude  its  efficacy  as  sahaae  therapy  in  a  subset? 
This  is  a  lascinatini:  source  of  clinical  disaj:reement.  whose 
explication  would  invoKe  a  detailed  understandinii  of  what 
we  mean  by  clinical  expertise  and  application  of  popula- 
tion data  to  indi\  idual  patients,  Gi\en  the  central  role  clin- 
ical expertise  has  in  HBM.  it  seems  a  triiitful  area  for 
research. 

An  equally  mipiirtaiit  step  m  makini:  a  clinical  decision 
is  assessing  the  patients  values  (see  Table  1 1.  Regardless 
of  the  evidence  suppoiting  the  use  of  anticoagulation  for 
chronic  atrial  fibrillation,  a  patient  who  would  rather  have 
a  stroke  than  give  up  her  cherished  hobby  of  rock  climbing 
should  not  receive  Coumadin.  Regardless  of  whether  sur- 
gical therap)  for  prostate  cancer  prolongs  sur\ i\al.  a  man 
who  would  rather  die  than  risk  impotency  or  incontinence 
should  not  ha\e  the  operation.  Though  assessing  and  in- 
corporating these  values  are  part  of  EBM.  as  they  are  part 
of  any  medical  care  that  seeks  informed  consent,  these 
\alues  thenisehes  are  not  evidence-based.  Values  come 
from  man\  places,  and  though  physicians  may  be  tempted 
to  say  "no  one  should  value  independence  over  a  stroke." 
the  only  evidence  that  is  relevant  is  the  ability  to  express 
the  various  risks  of  different  outcomes  to  patients  in  ways 
they  understand.  Although  there  is  compelling  evidence 
that  we  do  a  terrible  job  at  this  step  of  clinical  decision 
making,  1  think  all  clinicians  appreciate,  in  theory,  its  im- 
portance. What  clinicians  may  fail  to  appreciate  is  the 
important  role  their  own  values  play  in  clinical  decisions. 

Many  patients  might  be  surprised  to  learn  that  their 
physician's  age,  religious  practices.  v\  here  he  or  she  trained, 
and  various  other  personality  factors  have  a  strong  influ- 
ence on  clinical  decisions.''^  -"  Physicians,  like  their  pa- 
tients, have  values  about  various  outcomes  and  processes 
of  care.  These  have  been  somewhat  less  well  studied  than 
patients"  preferences  (Table  2).  Modern  medical  ethics' 
emphasis  on  patient  autonomy  teaches  that  competent  pa- 
tients" values  should  dominate  the  values  decisions  at  stake. 
with  the  possible  exceptit)n  of  justice,  which,  although 
presented  in  Table  2  as  a  clinician  value,  is  likely  to  be 
shareti  by  clinicians  and  patients.  Evidence-based  medi- 


cine accepts  and  even  emphasizes  the  important  role  of 
patient  values.  However,  the  proper  role  of  clinician  val- 
ues in  decision-making  is  not  as  clear.  Can  a  clinician's 
value  to  avoid  a  malpractice  claim  justify  defensive  labo- 
ratory testing  when  the  evidence  indicates  that  positive 
results  are  more  likely  to  represent  false  positives  than  true 
disease?  Can  a  clinician's  value  for  justice  justify  with- 
holding an  expensive,  potentially  effective  therapy  when 
there  is  no  mechanism  to  ensure  that  the  money  saved  will 
be  redistributed  to  provide  more  cost-effective  therapies? 
It  is  less  important  to  provide  convincing  answers  to  these 
questions  than  it  is  to  recogni/e  what  forces  are  influenc- 
ing iHir  choices. 

Understanding  Conflicts  Wiien 
the  Evidence  Is  Uncertain 

A  number  of  clinician-specific  factors — clinical  exper- 
tise, decision-making  style,  prior  beliefs  in  treatment  effi- 
cacy, patient  values,  and  clinician  values — all  influence 
the  translation  of  evidence  into  a  clinical  decision.  Given 
individual  variability  in  all  of  those  factors,  it  is  surprising 
that  we  ever  actually  agree  on  patient  management.  When 
the  evidence  is  robust,  when  there  is  clear  and  consistent 
evidence  of  superiority  of  a  therapy,  and  when  the  risks 
and  benefits  of  the  treatment  in  multiple  patient  subgroups 
are  known,  disagreements  tend  to  collapse  to  an  assess- 
ment of  patient  values.  As  the  proceedings  of  this  Journal 
Conference  indicate,  this  surfeit  of  evidence  is  a  luxury  not 
enjoyed  by  pulmonary  medicine  and  particularly  rarely 
encountered  in  critical  care.  This  is  not  to  say  that  pulmo- 
nary and  critical  care  medicine  lacks  evidence.  Many  ther- 
apies, including  antibiotics  for  infections,  fluid  for  hypo- 
volemic shock,  ventilatory  support  for  respiratory  failure, 
and  j3  agonists  for  acute  asthma,  fall  into  the  strong  cate- 
gory of  "all  or  none"  evidence  w  here  benefit  is  presumed, 
as  controlled  trials  would  be  unethical. 

Unfortunately,  we  are  often  faced  w  ith  treatment  deci- 
sions when  the  evidence  base  is  less  than  compelling. 
There  appears  to  be  no  consensus  on  how  best  to  svnthe- 
size  the  evidence  into  a  single  statement  of  "best  available 
evidence."-'^  For  example,  the  best  available  evidence  may 
only  preclude  emphatic  claims  of  benefit  or  harm  w  hen  it 
shows  no  randomized  clinical  trials  or  only  small  trials  of 


Table  1.       Examples  of  PatiL-nl  Values  Affecting  Clinical  Decisions 


Value 


Quality  of  life 

Fear  of  specific  complicalion 

Cost 


Definition 


Patient  prefers  quality  of  life  to  a 

prolongation  of  life 
Patient  weights  certain  complications  and 

outcomes  dillerenlly  than  others 
Personal  or  familv  risk  of  financial 

burden  influences  iherapv 


Example 


Decision  to  forego  aggressive  chemotherapv  for  advanced 

cancer 
Fear  of  breast  cancer  over  heart  disease  influences  \\oman's 

choice  about  hormone  replacement  therapv 
Decision  to  use  generic  medication  3  times  per  day  instead 

of  a  more  expensive  medication  once  a  day 
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Tabic  2.      Examples  of  Clinician  Values  AITcclinj;  Clinical  Decisions 


Value 


Definition 


Primiim  mm  micirc        First  do  no  harm.  Doctor  causing  harm  is  worse  than  other 

adverse  outcomes 
Chagrin  Overtreating  and  test  ordering  are  less  likely  to  result  in 

embarrassing  missed  complications  and  missed  diagnoses-- 
Rescue  Imminent  death  justifies  heroic  interventions-' 


Justice 
Fear 


Costs  and  benefits  should  be  distributed  equitably  in  society 
Fear  of  litigation 


lA.implcs 

The  decision  not  to  place  pulmonary  artery  catheters  until 

evidence  of  benefit-' 
The  decision  to  prescribe  antibiotics  to  an  elderly  patient 

with  a  viral  syndrome 
The  decision  to  use  inhaled  nitric  oxide  in  the  vignette  at 

the  beginning  of  this  report 
The  decision  noi  to  use  inhaled  nitric  oxide  in  the 

opening  vignette  at  the  beginning  of  this  report 
The  decision  to  perform  a  cesarean  section^-* 


poor  quality:  or  when  a  meta-analysis  concludes  thai  there 
is  no  evidence  of  benefit  (or  harm),  but  the  confidence 
interval  around  the  treatment  effect  spans  important  po- 
tential benefit:  or  when  different  meta-analyses  reach  dif- 
ferent conclusions:  or  when  the  clinical  trials  have  studied 
such  different  treatments  or  patient  populations  that  a  meta- 
analysis is  uninterpretable:  or  when  obser\ationai  and  lab- 
orator)  data  are  compelling  and  available  clinical  trial  data 
are  limited  and  negative. 

Avoiding  emphatic  claims  of  benefit  leaves  a  lot  of 
room  for  clinical  expertise,  decision-making  style,  priors, 
and  clinician  values  to  dominate  the  debate.  Nevertheless, 
consensus  panels,  insurance  companies,  and  individual  cli- 
nicians arrive  at  evidence-based  recommendations.  Some- 
times they  arrive  at  recommendations  that  conflict. -^-^^ 
Evidence-based  guidelines  certainly  use  different  language 
to  phrase  the  strength  of  their  recommendations  (Table  3). 

I  have  argued  that  to  reach  recommendations  or  deci- 
sions, individual  clinicians  and  consensus  panels  must, 
implicitly  or  e.vplicilly,  incorporate  prior  probabilities  and 
values.  When  EBM  is  working  particularly  well,  this  pro- 
cess is  explicit  and  the  reader  can  separate  the  evidence 
synthesis  from  the  process  that  turns  it  into  a  decision  or 
recommendation."  Unfortunately,  these  completely  dis- 
tinct processes,  evidence  synthesis  (assembly  of  best  avail- 
able evidence)  and  evidence-based  recommendation  (in- 
corporation of  values,  risks,  benefits,  prior  beliefs,  etc),  are 
sometimes  conflated.  It  is  essential  that  the  incorporation 
of  these  external  (ie,  external  to  the  evidence)  factors  are 
incorporated  explicitly  in  such  a  way  that  readers  can  sep- 
arate the  evidence  from  the  process  by  which  the  evidence 
is  turned  into  a  decision.  Egregious  violations  occur.  In  a 
Cochrane  review  entitled  "Colloids  Versus  Crystalloids 
for  Fluid  Resuscitation  in  Critically  III  Patients,"  the  au- 
thors concluded  that  "There  is  no  evidence  from  random- 
ized controlled  trials  that  resuscitation  with  colloids  re- 
duces the  risk  of  death  compared  to  crystalloids  in  patients 
with  trauma,  burns,  and  following  surgery,"  which  is  their 
summary  of  the  available  evidence.'-  The  next  sentence 
reads,  "As  colloids  are  not  associated  with  an  improve- 
ment in  survival,  and  as  they  are  more  expensive  than 


crystalloids,  it  is  hard  to  see  how  their  continued  use  in 
these  patient  types  can  be  justifled  outside  the  context  of 
randomized  controlled  trials."  Though  that  conclusion  may 
be  "based"  on  the  evidence,  it  incorporates  strong  values 
about  cost-effectiveness  that  are  nowhere  present  in  the 
clinical  trials  of  fluid  resuscitation. 

A  Concluding  Proposal 

Evidence-based  medicine  is  a  misleading  term  because 
it  implies  that  evidence-based  practice  recommendations 
are  solely  based  on  evidence.  In  fact,  EBM  specifically 
acknowledges  the  role  of  patient  values  and  clinical  ex- 
pertise, so  "evidence-,  expertise-,  and  value-based  medi- 
cine" would  be  a  more  accurate  but  less  appealing  name. 
Evidence-based  medicine  is  a  divisive  term  because  it  im- 
plies that  clinicians  who  deviate  from  "evidence-based " 
recommendations  are  practicing  some  other  form  of  med- 
icine, despite  tollow  ing  an  EBM  process  to  arrive  at  then 
decisions. 

This  process  of  breaking  dow n  a  decision  into  answer- 
able pieces  and  assigning  explicit  probabilities  and  utilities 
to  the  outcotnes  using  the  best  a\ailable  evidence  is  not 
new,  did  not  start  in  medicine,  and  precedes  EBM  b\  at 
least  20  years.  Decision  analysis  is  a  derivative  of  game 
theory,  developed  and  applied  in  business  and  economics 
since  the  I94()s.  It  is  a  "systetnatic  quantitati\e  approach 
for  assessing  the  relative  value  of  one  or  more  different 
decision  options"  that  includes  ( 1 )  identifying  a  relevant 
clinical  problem,  (2)  breaking  the  prt)blcm  down  into  a 
tree  of  different  potential  outcomes,  (3)  using  the  best 
available  evidence  to  assign  probabilities  to  those  out- 
comes, and  (4)  assigning  \alues  or  utilities  to  the  outcomes 
based  on  patient,  clinician,  and  societal  values."  Step  3 
involves  the  same  rigorous  search  for  best  available  evi- 
dence, systematic  reviews,  and  meta-analyses  used  in  EBM. 
In  fact,  the  processes  of  EBM  and  applied  decision  anal- 
ysis seem  nearly  identical  to  me.  Decision  analysis  has 
several  advantages  over  the  process  described  as  EBM. 
The  separation  of  empirical  facts  ("best  available  evi- 
dence") from  clinician,  societal,  and  patient  values  is  much 
more  explicit  than  EBM  and  makes  a  clear  separation  of 
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Table  3.       Schemes  lor  Grading  Hvltlence-Biised  Recommendalidns 


Oxford  Centre  for  Evidence- 
Based  Medicine.  Grades  of 
Recommendations" 


Global  Obstructive 
I.ung  Disease 
Guidelines-' 


British  Medical  Journal.  Clinical  Evidence'"       Guidelines  for  Antithrombotic  Therapy" 


A   Consistent  Level  I  studies    A    Randomized  clinical 

trials:  rich  body 
of  data 


Beneficial 


B    Consistent  Level  2  or  3         B     Randomized  clinical 
studies  or  extrapolations  trials;  limited 

from  Level  1  studies  body  of  data 


Level  4  studies  or 
extrapolations  from 
Level  2  or  3  studies 


Nonrandomized 
trials: 
observational 

studies 


D    Level  5  evidence  or  D    Panel  judgment 

troublingly  inconsistent  consensus 

or  inconclusive  studies 
of  any  level 


Likelv  to  be 
beneficial 


Trade-off 
between 
benefits  and 
harms 


Unknown 
effectiveness 


Unlikelv  to  be 
beneficial 


Interventions  whose 
effectiveness  has  been 
established  by  clear 
evidence  from  randomized 
controlled  trials,  and 
expectation  of  harms  that  is 
small  compared  to  the 
benefits. 

Interventions  for  which 
effectiveness  is  less  well 
established  than  for  those 
listed  under  "beneficial." 


Interventions  for  which 
clinicians  and  patients 
should  weigh  the  beneficial 
and  harmful  effects, 
according  to  individual 
circumstances  and 
priorities. 


Interventions  for  which  there 
are  currently  insufficient 
data  or  data  of  inadequate 
quality  (includes 
intenentions  that  are 
widely  accepted  as 
beneficial  but  have  never 
been  formally  tested  in 
randomized  controlled 
trials,  often  because 
randomized  controlled  trials 
would  be  considered 
unethical). 

Interventions  for  \\hich  lack 
of  effectiv  eness  is  less  well 
established  than  for  those 
listed  under  "likely  to  be 
ineffective  or  harmful." 


Likelv  to  be 
ineffective  or 
harmful 


Interventions  whose 
ineffectiveness  or 
harmfulness  has  been 
established  by  clear 
evidence. 


jA    Randomized  trials  without 

important  limitations.  Strong 
recommendation;  can  apply 
to  most  patients  in  most 
circumstances,  without 
reservation. 


IB    Randomized  trials  with 
important  limitations 
(inconsistent  results, 
methodologic  fiaws).  Strong 
recommendation;  likely  to 
apply  to  most  patients. 
1C+    No  randomized  controlled  trials, 
but  randomized  controlled 
trial  results  can  be 
unequivocally  extrapolated, 
or  overwhelming  evidence 
from  observation  studies. 
Strong  recommendation;  can 
apply  to  most  patients  in 
most  circumstances. 

IC   Observation  studies. 

Intermediate-strength 
recommendation:  may  change 
when  stronger  evidence 
available. 

2A    Randomized  trials  without 
important  limitations. 
Intermediate-strength 
recommendation;  best  action 
may  differ,  depending  on 
circumstances  or  patient's  or 
societal  values. 

2B    Randomized  trials  with 
important  limitations 
(inconsistent  results, 
methodologic  flaws).  Weak 
recommendation:  altern;itive 
approaches  likely  to  be  better 
for  some  patients  under  some 
circumstances. 

2C   Observation  studies.  Very  weak 
recommendation;  other 
alternatives  may  be  equally 
reasonable. 


the  evidence  synthesis  from  the  decision.  Since  an  impor- 
tant goal  of  EBM  is  e.xpiicitness.  this  seems  an  advantage. 
Decision  analysis  also  can  convey  uncertainty  by  using 
sensitivity  analysis,  uhich  allows  the  user  to  see  the  ef- 
fects of  assuming  that  the  treatment  is  really  twice  as 
effective  as  the  available  data  suggest.  This  distinction  is 


important  because  resolution  of  clinical  debates  like  those 
in  the  opening  vignette  require  clinicians  to  distinguish 
between  arguments  over  interpretation  of  the  evidence  and 
disagreements  over  clinical  expertise,  prior  assumptions 
about  benefits,  uncertainty,  or  an  individual  clinician's  com- 
plex set  of  clinical  values. 
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Users'  Guide  lo  the  Medical  Literature: 
A  Manual  for  Evidence-Based  Clinical 
Practice,  llic  Evidencc-Bascd  Medicine 
Working  Group.  Gordon  Guyatt  MD  and 
Dninimdnd  Rennie  MD.  editors.  Chicago: 
AM.A  Press.  :(K)2.  .Soft-cover,  706  pages 
(with  CD-ROM  and  pocket  memon,  aides). 
$49.95. 

Users'  Guides  to  the  Medical  Literature: 
Essentials  of  Evidence-Ba.sed  Clinical 
Practice.  Tlie  E\idence-Based  Medicine 
Working  Group,  Gordon  Guyatt  MD  and 
Dninimond  Rennie  MD,  editors.  Chicago: 
AMA  Press.  2002.  Soft  cover.  -M2  pages 
(with  CD-ROM  and  pocket  memory  aides), 
$34.95 

Over  the  past  several  years,  students,  res- 
idents, and  faculty  in  my  courses  on  cntical 
appraisal  of  the  literature  and  evidence- 
based  medicine  (EBM)  have  consistently 
asked.  "Has  anybody  put  all  the  Users' 
Guides  to  the  Medieal  Literature  series  into 
a  single  resource?"  Until  now,  the  answer 
has  always  been  no.  The  authors  of  that 
series,  which  has  been  appearing  in  the  Jour- 
nal of  the  American  Medical  Association 
since  1993,  have  answered  those  learners" 
requests  with  these  2  books,  the  Manual 
and  the  Essentials.  The  books  are  intended 
for  clinicians  who  wish  lo  understand  how 
to  evaluate  the  validity  of  the  published  lit- 
erature and  then  apply  it  to  the  care  of  pa- 
tients. The  Manual  is  intended  for  those 
who  desire  more  in-depth  infomiation  and 
for  those  who  teach  EBM,  whereas  the  Es- 
sentials is  intended  for  those  whose  needs 
are  less  detailed,  such  as  learners  and  most 
practitioners.  Though  the  books  ;ire  filled 
with  clinical  scenarios  and  examples  from 
the  medical  literature  that  reflect  traditional 
medical  problems,  the  principles  apply  to 
any  discipline. 

More  than  a  mere  compilation  of  the  orig- 
inal articles,  which  provided  a  "how  to" 
primer  on  evaluating  the  validity  of  pub- 
lished research,  these  books  provided  the 
authors  an  opportunity  to  address  their  phi- 
losophy, to  address  some  of  the  criticisms 
of  EBM,  and  to  synthesize  their  material 
into  a  homogeneous  work.  They  have  clar- 
ified areas  that  are  common  misperceplions 
of  EBM.  In  particular,  their  discussion  about 
the  importance  of  patient  values  in  clinical 


decision-making  is  perhaps  their  strongest 
yet  ("Evidence  Is  Never  Enough"). 

The  books  are  well  organized  and  the 
information  is  presented  in  a  clear  and  easy- 
to-understand  style.  The  Manual  has  2  parts. 
Part  1  summarizes  the  basics  of  using  the 
medical  literature.  Part  2  is  more  advanced, 
focusing  on  a  more  sophisticated  level  of 
understanding  and  on  those  who  teach.  The 
E.ssentials  is  a  concise  summary  of  the  Man- 
ual, sharing  the  same  organizational  frame- 
work but  providing  much  less  content  in 
Part  2.  At  the  end  of  each  book  is  an  ap- 
pendix with  formulas  for  calculating  impor- 
tant numbers,  and  a  glossary  of  terms.  Each 
book  comes  with  a  CD-ROM  (containing 
the  full  text  of  the  Manual )  and  4  pocket- 
sized  memory  aids. 

Pan  1  begins  with  the  philosophy  of 
EBM.  followed  by  a  chapter  on  finding  the 
evidence.  These  are  followed  by  chapters 
on  therapy  and  harm,  diagnosis,  prognosis, 
summarizing  the  evidence,  and  moving  from 
evidence  to  action.  The  editors  chose  an 
unusual  method  for  numbering  the  chapters 
and  chapter  sections.  Chapters  in  Part  1  be- 
gin with  the  number  1  followed  by  a  letter. 
The  authors  use  a  parallel  structure  in  Part 
2.  For  instance,  the  first  chapter  in  Part  1. 
on  the  philosophy  of  EBM.  is  labeled  \.\. 
The  corresponding  expanded  content  in  Part 
2  is  labeled  2A.  This  works,  except  sections 
in  one  part  don't  always  have  correspond- 
ing content  in  the  other.  For  example.  "lAl 
Finding  the  Evidence"  has  no  correspond- 
ing content  in  Part  2.  and  "2B3  Therapy  and 
Applying  the  Results"  has  no  correspond- 
ing Piui  1  content.  These  might  confiise  the 
reader. 

The  CD-ROM  included  with  each  book 
has  the  complete  text  of  the  Manual.  The 
installation  routine  is  simple  and  quick.  It 
installs  .Adobe  .Acrobat  Reader  version  5  and 
the  cortesponding  portable  display  foniiat 
("pdf")  files.  For  those  installing  the  CD- 
ROM  onto  IBM-compatible  systems,  the 
Manual  has  a  rich  set  of  hyperlinks  to  fa- 
cilitate the  reader's  experience.  Hypertext 
links  take  the  reader  to  pop-up  windows 
(glossary  items,  references,  annotations)  or 
to  other  sections  of  the  book.  Closing  the 
pop-up  window  or  hitting  the  "back  arrow" 
allows  the  reader  to  continue  from  the  pre- 
\ious  section.  Those  readers  using  Apple 


computers  can  only  use  the  CD-ROM  as  a 
read-only  file  that  lacks  the  hypertext  fea- 
tures. 

The  index  is  reasonably  easy  to  use.  but 
there  are  some  idiosyncrasies.  For  instance, 
to  find  content  about  "guidelines"  one  needs 
to  k)ok  for  "clinical  practice  guidelines." 
Though  that  is  forgivable,  the  CD  \ersion 
suffers  from  the  same  deficiency.  Typing  in 
the  word  "guideline"  under  the  search  tab 
of  the  index  results  in  36  items,  yet  using 
the  plural  yields  1 92.  One  can  limit  the  search 
to  titles  (yields  only  1  item).  To  narrow  the 
search,  one  can  also  perform  additional 
searches  on  the  previous  search. 

In  Part  1.  the  authors  include  relatively 
new  material  addressing  the  utility  of  "pre- 
digested"  critical  summaries  of  the  litera- 
ture. This  may  surprise  some  readers,  as  it 
represents  a  departure  from  their  longstand- 
ing focus.  Part  1  also  includes  discussion  on 
the  strength  of  evidence  about  therapeutic 
interventions,  which  may  surprise  the  ca- 
sual reader  of  the  EBM  literature:  the  stron- 
gest evidence  about  the  benefit  of  a  thera- 
peutic intervention  for  an  individual  patient 
comes  from  an  n  of  1  trial  with  that  patient. 
The  corresponding  tutorial  in  Part  2  pro- 
vides the  simplest  and  clearest  explanation 
of  how  to  conduct  and  evaluate  the  results 
of  such  a  trial.  This  latter  content  is  not 
included  in  the  Essentials,  but  it  is  included 
on  the  CD-ROM. 

The  authors  (appropriately )  focus  heavily 
on  the  content  that  most  directly  affects  clin- 
ical decision-making:  making  a  diagnosis, 
assessing  risk,  establishing  prognosis,  and 
therapy  and  harm.  The  clinical  scenarios  and 
references  facilitate  the  reader's  understand- 
ing of  difficult  concepts.  The  references 
are  current  and  accurate,  and  the  examples 
include  women,  children,  medicine,  and 
surger>. 

It  is  difficult  to  criticize  a  group  that  for 
the  past  20  years  has  made  great  conuibu- 
tions  in  the  critical  appraisal  of  the  medical 
literature.  Nonetheless,  there  are  a  few  areas 
that  need  work.  The  books'  primary  focus 
is  on  how  to  critically  appraise  the  validity 
of  primary  research  articles,  and  they  easily 
address  that  fiK'us.  However,  the  underlying 
assumption  that  praclitionei"s  can  or  should 
do  their  own  critical  reading  is  not  fully 
addressed.  Tlie  approach  to  EBM  espoused 
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by  Shauiihncssy  and  Slawson'  "  is  aim- 
pk'ioK  iiiiiorcil  in  ihc  Kssvatials  and  the 
Maiiiiiil.  Shaiighncssy  and  Slawson  begin 
with  ihc  i.|iicslion,  "11  this  inliirmation  is 
\ahd.  umild  it  require  me  to  change  ni\ 
praetiee'.'"  They  encourage  decision-makers 
to  lixik  for  information  sources  that  \  ahdate 
and  summarize  research. 

The  autliors  ol  the  K.sstiitial.s  and  the 
MaiiiKil  also  address  the  latter  point  and 
present  a  table  summarizing  some  reliable 
sources  of  such  information.  Howe\er.  the 
table  is  incomplete,  and  they  doii"t  describe 
the  criteria  thcN  used  to  decide  which  sources 
were  included.  Though  it  Is  unusual  for 
chapter  authors  and  book  editors  to  dis- 
close potential  conllicts  of  interest,  this  ta- 
ble deserves  such  disclosure  (if  conllict  ex- 
ists), since  several  ot  the  resources  are 
proprietary. 

One  other  point  of  criticism  also  occurs 
at  the  outset.  Ob\  iouslv  patient  preterences 
are  extremely  important  m  clinical  decision 
making,  but  the  discussion  of  this  subject  in 
Part  1  (of  both  books)  is  cursory.  Though  it 
is  more  fully  explored  in  Part  2  of  the  Man- 
ual, it  is  not  in  the  Essentials.  .As  a  poten- 
tial source  of  motivation  lor  the  skeptics 
and  lor  the  beginner,  shared  decision-mak- 
ing deserves  more  attention  in  the  introduc- 
tory chapter.  Additional  discussion  about  pa- 
tienl-prov  ider  communication  and  the 
lorniat  of  intbmiation  transfer  would  have 
been  helpful. 

Criticisms  aside,  these  books  serve  as  an 
important  source  of  "how  to"  for  the  indi- 
vidual to  learn  how  to  critically  appraise  the 
medical  literature  and  as  a  resource  for  the 
teacher  of  EBM.  One  of  these  books  should 
be  In  the  personal  library  of  anyone  inter- 
ested 111  \MM.  The  only  reason  I  can  think 
to  own  both  volumes  is  for  the  course  di- 
rector who  needs  both  to  assist  in  develop- 
ing and  coordinating  course  assignments. 
1-ranklv .  if  forced  to  make  a  choice.  I'd  spend 
the  extra  money  for  the  Manual.  I'his  would 
allow  the  reader  to  access  all  the  advanced 
material  without  ha\  ing  to  read  from  a  com- 
puter screen. 

\hiu\  V  Barry  MI) 

Department  o\  F'amily  Practice 

Michigan  .Stale  L'niversity 

East  Lansini;.  Michiiian 
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The  medical  literature  is  continuously  in- 
creasing in  quantity,  presentation,  and  spe- 
cialization. At  the  same  time,  practitioners 
are  facing  increasing  pressure  to  make  de- 
cisions based  on  the  evidence  presentctl 
w  ilhin  that  lileralure.  With  each  passing  day 
the  task  becomes  more  formidable.  The  vol- 
timc  of  material  has  increased  dramatically. 
There  are  more  manuscripts  being  piiblishei! 
and  more  journals  within  which  lo  publish 
them.  These  journals  are  quite  disparate. 
.Some  cover  very  broad  topics  with  rele- 
vance to  many  areas  of  health  care,  and 
others  are  highly  specialized,  covering  top- 
ics with  relatively  few  followers.  In  years 
past,  the  print  media  and  conferences  were 
the  only  venues  to  present  research  findings 
and  clinical  reports.  Now  with  the  emer- 
gence of  electronic  media  there  is  a  huge 
amount  of  opportunity  for  expansion  of  the 
peer-reviewed  literature. 

For  many,  the  ability  to  analyze  scien- 
tific material  was  learned  in  a  college  or 
graduate  school  statistics  course,  l-'or  oth- 
ers, the  learning  was  "on  the  job"  and  passed 
down  from  mentors.  Richard  Riegelman  has 
prov  ided  a  systematic  "how  to"  approach  to 
inteqireting  the  medical  literature  forthe cur- 
rent generation  of  practitioners.  .Studying  a 
Study  and  ■Pestin}'  a  Test,  now  in  its  fouilh 
edition,  has  become  a  required  component 
of  the  personal  library  of  physicians,  nurses, 
therapists,  and  researchers  alike,  who  need 
the  to(5ls  to  critically  review  medical  reports. 
Because  the  bix)k  is  well  organized,  it  serves 
readers  well  as  a  core  textbook  for  a  grad- 
uate level  statistics  or  epidemiology  class. 
Alteniatively.  it  provides  a  self-study  mod- 
ule for  practitioners  who  are  interested  in 
improving  their  knowledge  of  interpreting 
the  medical  literature. 

In  Part  I,  Riegelman  provides  the  foun- 
dation for  "Studving  a  Studv."  He  describes 


the  "universal  Irainework"  conceptual  ap- 
proach toevalualing  health  studies.  In  a  step- 
wise manner,  critical  elements  of  a  study's 
design,  patient  assignment,  outcome  deter- 
mination, analysis,  and  interpretation  are 
covered.  The  section  covers  everything  from 
the  explicit  statement  of  the  study's  hy- 
pothesis to  the  extrapolation  of  the  find- 
ings to  different  populations,  and  includes 
warnings  that  threaten  a  study's  validity, 
such  as  bias,  confounding,  and  inadequate 
power.  The  remaining  parts  of  this  sec- 
tion demonstrate  the  application  of  the  uni- 
versal framework  to  different  study  de- 
signs, the  randomized  controlled  trial,  the 
nonconcurrcnt  cohort  study,  and  the  meta- 
analysis. Chapter  12  (and  the  last  chapter 
of  each  section)  provides  a  bullet-format 
summary  that  allows  for  ease  of  reference 
and  the  ever-present  "flaw-catching  exer- 
cises" that  allow  the  reader  to  apply  the 
newly  acquired  knowledge. 

Part  2,  entitled  "Testing  a  Test, "  provides 
the  reader  w  ith  an  understanding  of  the  im- 
perfections In  tests  that  arise  because  of  vari- 
ability in  the  subject  being  tested,  the  test 
itself,  or  the  observer.  Riegelman  then  helps 
the  reader  to  refine  this  knowledge  by  pre- 
senting sensitivity,  specificity,  positive  and 
negative  predictive  value,  and  the  use  of 
tests  for  screening. 

Part  3.  "Rating  a  Rate,"  introduces  the 
concepts  of  rates,  prop<irtions,  and  rate  stan- 
dardization. Change  in  rates  and  real  versus 
arlifactual  differences  are  discussed  next.  Fi- 
nally, the  author  demonstrates  the  applica- 
tion of  the  material  to  the  problem  of  life 
expectancy. 

Part  4,  "Considering  Costs  and  Evaluat- 
ing Effectiveness,"  is  a  new  section  in  this 
fourth  edition.  The  section  begins  w  ith  how 
studies  can  be  used  for  decision-making  pur- 
poses. The  universal  framework  is  again  in- 
voked to  help  analyze  studies  designed  for  a 
decision-making  purpose.  Along  the  way. 
the  reader  acquires  an  intrcxiuction  to  the 
vocabulary  as.sticiated  w  ith  these  investiga- 
tions. For  example,  cost  effectiveness,  qual- 
ity-adjusted life  expectancy,  utility,  and  dis- 
counting are  all  discussed.  The  author  makes 
liberal  use  of  decision  trees  that  enhance  the 
reader's  ability  to  integrate  the  concepts  with 
the  mathematics. 

The  final  section.  ".Selecting  a  Statistic," 
helps  the  reailer  tinderstand  categories  of 
data  and  select  a  statistic  based  on  the  num- 
ber of  variables  that  need  to  be  considered 
in  an  analysis.  .Again,  the  liberal  use  of  fiow 
chails  piin  ides  the  reader  w  iih  a  \  isual  fig- 
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lire  that  can  be  rct'ciTcil  tii  repcalcilly  tn  I'iiid 
the  appropriate  statistical  lest  to  use. 

The  book  has  uiii\ersal  appeal  to  practi- 
tioners with  a  range  of  education  and  expe- 
rience because  the  material  is  progressively 
presented,  providing  basic  information  fol- 
lowed by  more  elaborate  discussion  of  ad- 
vanced topics.  The  beginner  is  never  over- 
whelmed. The  accompanying  CD-ROM 
provides  additional  questions  with  answers 
and  justification  that  can  be  taken  for  con- 
tinuing medical  education  credit.  The  glos- 
sary included  both  in  the  te.xt  and  on  the 
CD-ROM  is  similarly  extensive  and  func- 
tions as  a  valuable  reference  for  unfamiliar 
statistical  and  epidemiologic  terms  as  the 
reader  works  through  the  more  difficult  sec- 
tions of  the  text.  The  medical  literature  will 
continue  to  expand  beyond  our  ability  to 
integrate  it  successfully  into  our  practice. 
But  Studying  u  Study  and  Testing  a  Test 
will  provide  all  practitioners,  regardless  of 
their  discipline  or  training,  with  the  back- 
ground necessary  to  critically  evaluate  and 
understand  the  medical  evidence. 

Anthony  D  Slonim  MD 

Critical  Care  Medicine 

Children's  National  Medical  Center 

Departments  of  Pediatrics  and 

Internal  Medicine 

The  George  Washington  University 

School  of  Medicine 

Washington  DC 

Evidence-Based  Clinical  Practice:  Con- 
cepts and  Approaches.  John  P  Geyman 
MD.  Richard  A  Deyo  MD  MPH,  and  Scott 
D  Ramsey  MD  PhD.  editors.  Boston:  But- 
terwdrth-Heinemann.  2000.  Soft  cover,  il- 
lustrated, 177  pages,  $37.50. 

At  one  point  in  this  monograph  the  au- 
thors note  that  the  wiilespread  adoption  of 
evidence-based  medicine  (EBM)  may  have 
a  more  profound  effect  on  clinical  medicine 
and  patient  outcomes  than  the  results  of  the 
Human  Genome  Project.  Eight  years  after 
the  first  publication  of  the  User's  GiiUles  to 
the  Medical  Literature.'  however,  most  cli- 
nicians still  struggle  with  the  application  of 
medical  literature  to  their  daily  clinical  prob- 
lems. Moving  to  the  new  paradigm  of  EBM 
is  a  difficult  process,  since  most  of  us  trained, 
and  continue  to  train,  in  institutions  where 
approaches  to  clinical  problems  using  patho- 
physiologic reasoning  and  the  easy  avail- 
ability of  experts  predominate.  This  book  is 
a  pleasant  introduction  to  the  process,  which 
is  intended  to  acquaint  readers  with  the  con- 


cepts and  practical  implications  of  the  grow- 
ing field  of  EBM. 

The  stated  target  audience  is  primary  care 
physicians,  residents,  fellows,  medical  stu- 
dents, and  other  decisit)n-makers  in  the  de- 
livery of  primary  care,  but  it  is  well-suited 
to  any  health  care  professional  who  is  in- 
terested in  improving  his  or  her  use  of  the 
medical  literature  in  clinical  practice.  The 
book's  length  and  readability  make  it  ideal 
for  busy  clinicians;  most  of  the  chapters  are 
10  pages  or  less.  I  found  some  of  the  con- 
ceptual discussions  a  bit  brief  for  early  learn- 
ers and  for  that  reason  would  not  recom- 
mend it  to  medical  students. 

The  aims  of  the  book,  presented  in  the 
preface,  are  to: 

•  Introduce  chnicians  to  evidence-based 
medicine  as  part  of  clinical  decision  making 

•  Enable  clinicians  to  more  critically  read 
the  literature  and  develop  new  skills  of  self- 
learning 

•  Prepare  clinicians  and  other  decision 
makers  in  health  care  to  better  evaluate  clin- 
ical guidelines 

•  Elucidate  complementary  roles  of  clin- 
ical judgment  and  evidence-based  ap- 
proaches in  individual  practice  settings 

•  Acquaint  readers  with  techniques  and 
limitations  of  cost  and  outcomes  assessment 

•  Where  appropriate,  extend  evidence- 
based  approaches  beyond  the  care  of  indi- 
viduals, to  populations  being  ser\'ed 

This  is  an  ambitious  agenda  for  less  than 
200  pages.  The  reader  is  left  with  a  clear 
vision  of  the  process  of  EBM — that  is,  re- 
flecting on  clinical  situations  encountered, 
asking  questions,  searching  for  answers, 
evaluating  the  literature.  Whether  skill  de- 
velopment in  each  of  these  steps  can  occur 
with  such  brief  descriptors  is  problematic, 
however. 

The  book  is  based  on  the  monthly  inter- 
disciplinary Evidence-Based  Clinical  Prac- 
tice Rounds  at  the  University  of  Washing- 
ton and  edited  by  3  well-known  proponents 
and  teachers  of  EBM.  Several  chapters  have 
been  reprinted  from  pre\iously  published 
articles,  and  their  failure  to  recognize  other 
chapters  makes  the  flow  of  the  book  repet- 
itive and  choppy  at  times.  For  instance,  a 
discussion  of  using  computers  in  answering 
clinical  questions  in  Chapter  17  has  a  table 
of  Web-based  resources  that  is  almost  Iden- 
tical to  a  table  in  Chapter  1.  "Sources  of 
High-Quality  Evidence."  Another  chapter 
mentions  the  time  trade-off  method  of  de- 
termining patient  preference,  without  refer- 
ring to  an  earlier  chapter  in  which  it  is  de- 


fined. The  chapters  discussing  outcomes 
research  and  patient  preference  between 
chapters  discussing  critical  appraisal  seemed 
out  of  place. 

There  is  a  clear  effort,  however,  to  link 
the  concepts  to  clinical  practice,  and  most 
chapters  begin  with  a  clinical  scenario.  Al- 
though these  scenarios  are  drawn  from  pri- 
mary care,  they  will  be  easily  recognizable 
and  transferable  to  other  fields,  such  as  pul- 
monary medicine. 

The  book  opens  with  2  chapters  that  de- 
fine EBM  and  then  present  ciimpelling  ex- 
amples of  the  need  for  it.  The  review  of 
medical  mythology  taught  in  medical  school, 
and  how  clinical  studies  have  refuted  many 
common  clinical  practices,  was  a  particu- 
larly enjoyable  read,  and  it  motivates  the 
reader  to  tackle  the  chapters  that  follow. 

Chapter  4  is  a  quick  introduction  to 
searching  MEDLINE  and  other  EBM  re- 
sources, such  as  the  Cochrane  database.  It 
starts  with  suggestions  for  Internet  connec- 
tions, and  includes  a  step-by-step  descrip- 
tion of  a  MEDLINE  search  on  a  clinical 
problem.  There  are  several  helpful  pearls  in 
this  chapter,  which  will  be  useful  to  anyone 
beginning  to  access  information  on-line. 
Somewhat  disappointing  was  the  fuzzy  qual- 
ity of  the  figures  depicting  computer  screens. 

Chapters  5  and  6  address  the  second  aim 
of  the  book,  to  enable  readers  to  critically 
read  the  literature.  Chapter  5  is  a  distillation 
of  the  McMaster  University  Evidence-Based 
Clinical  Practice  Working  Group's  guides 
and.  after  a  discussion  of  the  major  catego- 
ries of  primary  research  and  preferred  study 
designs  for  particular  questions,  it  presents 
the  McMaster  worksheets  in  accompanying 
tables.  The  tables  are  clear  and  will  be  a 
helpful  reference.  The  chapter  walks  through 
an  analysis  of  a  published  study  using  a 
worksheet.  It  would  have  been  helpful  to 
have  this  paper  included  in  the  text;  readers 
should  probably  pull  it  and  keep  it  at  hand 
when  working  through  the  chapter.  Simi- 
larly the  chapter  on  meta-analysis  presents 
a  series  of  queries  the  clinician  can  use  in 
making  a  decision  on  using  results  of  a  pub- 
lished meta-analysis. 

The  next  chapter  discusses  the  need  for 
outcomes  research,  giving  examples  of  ge- 
neric as  well  as  disease-related  quality-of- 
life  questionnaires,  and  pointing  out  the  pit- 
falls in  this  type  of  research. 

The  chapter  on  measuring  patient  pref- 
erence was  the  most  difficult  for  me.  The 
author  initialh  emphasi/ed  his  intent  to  fo- 
cus on  individual  patient  preferences  that 
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woiikl  hn.'  important  in  clinical  cncountciN. 
bill  then  discussed  measurement  methodol- 
ogy in  research  studies,  which  was  some- 
what technical,  and  seemed  I'rauuht  with  er- 
ror. Iinall\.  the  chapter  returned  to  the 
importance  of  eliciting  patient  preference  in 
individual  clinical  encounters.  It  was  not 
clear  lo  me  that  the  methodology  discussed 
applies  to  clinical  practice.  These  concepts 
are  unponant.  however,  in  the  later  chapters 
that  address  decision  analysis  and  cost-ef- 
fectiveness studies. 

Chapter  9.  "Assessing  the  Accuracy  of 
Diagnostic  and  Screening  Tests."  succinctly 
covered  the  major  concepts  of  that  subject. 
For  novices  to  this  material,  however,  there 
was  insufficient  explanation  of  likelihood 
ratios  and  rather  oblique  references  to 
Bayes's  theorem.  Similarly  the  chapter  on 
decision  analysis  was  limited  by  an  inade- 
quate figure  that  did  not  follow  the  text,  by 
lack  of  a  discussion  of  how  probabilities  are 
obtained,  and  by  limited  descnption  of  the 
fold  back  process. 

The  chapters  on  cost-effectiveness  re- 
search and  the  use  of  balance  sheets  in  clin- 
ical practice  guidelines  were  extremely  well 
written  and  practical.  The  latter  discussion 
envisions  the  clinicians  as  active  participants 
in  the  construction  of  clinical  practice  guide- 
lines, rather  than  as  passive  practitioners. 
.■\ny  health  care  professional  asked  to  par- 
ticipate in  developing  a  practice  guideline 
will  find  this  approach  appealing. 

Chapter  15  moves  beyond  the  primary 
research  to  the  use  of  systematic  reviews.  It 
includes  a  clear  discussion  of  the  concepts 
of  relative  risk,  absolute  risk,  and  number 
needed  to  treat.  The  last  2  chapters  address 
the  use  of  computers,  including  hand-held, 
in  clinical  practice — how  they  are  currenlls 
improving  care  and  how  they  may  be  inte- 
grated into  future  patient  care.  A  glossary 
briefly  defines  more  than  6.5  EBM  terms,  some 
of  which  were  not  discussed  in  the  text. 

This  book's  strengths  are  its  clear  writ- 
ing and  persistent  emphasis  on  practical  ap- 
plication of  the  concepts  of  EBM.  The  ex- 
amples given  are  current  and  relevant, 
although  the  information  on  computer  tech- 
nolog)  will  undoubtedly  be  time-sensitive. 
It  will  be  most  useful  to  those  who  have  had 
some  background  knowledge  in  clinical  ep- 
idemiology and  can  use  the  glossary  to  re- 
fresh concepts  or  the  worksheets  to  quickly 
evaluate  a  paper.  It  may  also  be  useful  to 
those  who  are  seeking  a  very  brief  introduc- 
tion to  EBM  .Ample  references  are  given 
tor  more  in-depth  reading,  for  those  who 


need  further  explanation.  Its  inclusion  of 
cost-effectiveness  studies  and  clinical  prac- 
tice guidelines  is  an  advantage  over  other 
KBM  texts. 

RKFKRKNCES 

I  Oxman  A.  Sackoll  D.  Guyatt  G.  Users' 
guides  to  the  medical  literature.  I:  How  to 
get  started.  The  Evidence-Based  Medicine 
Working  Group.  JAMA  199.'i;270(  17): 
209.1-2095. 
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Where's  the  Evidence:  Debates  in  Mod- 
ern Medicine.  William  A  Silverman.  Fore- 
word by  David  L  Sackett.  New  York:  Ox- 
ford Unisersity  Press.  1999.  Soft  cover.  259 
pages.  S32.50 

William  Silverman  chose  the  mantra  of 
the  evidence-based  medicine  movement  as 
the  title  for  his  collection  of  pre\  lously  pub- 
lished essays,  though  the  subtitle  is  a  better 
indicator  of  the  contents.  Silverman,  a  re- 
tired professor  of  pediatrics  from  Columbia 
University,  wrote  the  essays  for  the  journal 
Pacdiatric  and  Perinahil  Epideinioloiiy  o\et 
the  10-year  span  from  1987  to  1997  and 
presents  them  here  appended  with  published 
responses  from  readers  and  his  own  more 
recent  observations.  The  essays  originally 
ran  under  the  title  "Fumes  from  the  Spleen" 
and  were  signed  with  the  pseudonym  "Mal- 
content." yet,  to  the  author's  great  credit, 
the  essays  read  us  thoughtful  comment;iries 
rather  than  simple  rants.  The  author  was 
given  free  reign  over  the  subject  matter  and 
used  that  freedom  to  address  a  wide  variety 
of  topics.  .Although  Silverman  has  his  own 
idea  regarding  recurring  themes  in  his  es- 
says. I  would  identify  the  2  main  areas  of 
focus  as  evidence  and  ethics.  And  an  inter- 
esting subtext  of  many  essays  is  the  au- 
thor's view  of  how  these  2  areas  intersect. 

Dr  Silverman  is  an  unabashed  proponent. 
even  cheerleader,  for  the  evidence-based 
medicine  (EBM)  movement.  TTiroughout 
this  book  he  pays  homage  to  the  leaders  of 
EBM:  Sackett  (who  wrote  the  forward  for 
Where's  the  K.videncc:  Debates  in  Mod- 
ern .Medicine).  Chalmers,  and  CiK'hiane. 
To  Silverman's  credit,  he  was  an  early  con- 
vert and  an  articulate  adv(K'ate  for  EBM. 
but  his  views  in  the  late  1980s  and  eariv 


I99()s,  which  he  sees  as  controversial,  now 
read  as  simple  EBM  orthodoxy.  Appeals 
for  more  evidence  and  more  evidence-users 
have  now  been  repeated  so  often  as  to  be 
cliche.  Never  does  the  author  question  the 
notions  that  "evidence"  is  always  good,  that 
more  evidence  is  better,  that  without  evi- 
dence we  should  do  nothing,  and  that  with 
enough  evidence  medicine  will  be  trans- 
formed. 

But  despite  the  title,  the  majority  of  es- 
says in  this  book  do  not  deal  strictly  with 
matters  of  clinical  research  and  clinical  ep- 
idemiology, but  rather  take  on  ethical  is- 
sues. Silverman  addresses  a  multitude  of 
moral  issues,  from  informed  con.sent  to  dis- 
tributive justice,  from  responsibility  to  med- 
ical futility.  .No  topic,  it  seems,  is  beyond 
the  grasp  of  his  keen  mind  and  sharp  wit, 
but  he  pays  particular  attention  to  issues 
that  directly  impact  the  field  of  perinatol- 
ogy. The  care  of  very-low -birthweight  in- 
fants recurs  in  multiple  essays,  with  Silver- 
man warning  repeatedly  of  the  consequences 
of  aggressive  intervention.  As  a  pediatri- 
cian, this  area  of  medical,  moral,  and  at  times 
political  controversy  is  very  familiar  to  Sil- 
vennan  and  ser\  es  as  an  example  of  w  hat  is 
wrong  with  modem  medicine.  And  in  ad- 
dressing this  problem  and  other  ethical  di- 
lemmas. Silverman's  true  faith  in  evidence 
becomes  clear.  He  believes  that  more  evi- 
dence, more  epidemiologic  data,  will  not 
only  lead  to  the  better  practice  of  medicine, 
but  will  also  resolve  longstanding  and  ar- 
guably intractable  moral  debates.  Even  the 
troublesome  problem  of  w hether  we  should 
be  providing  expensive,  life-sustaining  care 
to  premature  infants,  who  suffer  a  high  mor- 
tality rate  and  an  e\en  higher  likelihocxi  of 
longstanding  medical  and  developmental 
problems,  will  be  resolved  by  better  clinical 
and  sociologic  research.  Ethics  problems, 
according  to  Silverman,  are  simply  clinical 
problems,  and  the  resolution  of  both  de- 
pends only  on  the  provision  of  better  em- 
pirical evidence.  Such  a  notion,  though 
philosophically  suspect,  is  not  unusual  in 
EBM  true-believers,  who  see  values  as  just 
another  attribute  to  be  measured,  quantified, 
and  incorporated  into  an  EB.M-dnven  cal- 
culus. But  while  empirical  evidence  can  in- 
tbmi  ethical  debates,  evidence  cannot  re- 
solve them;  the  hardest  questions  in 
medicine,  including  w  hether  to  resuscitate  a 
iiuirginal  newborn,  w ill  never  be  answered 
by  an  appeal  to  a  clinical  trial. 

Siherman's  use  of  examples  from  pedi- 
au^ics  is  understandable  (he  is  a  pediatrician 


Respiratory  Care  •  December  2001  Voi  46  No  12 


1453 


Books.  Fii  ms.  Tapi  s.  &  Soitwark 


writing  for  an  audience  ot  pediatricians)  but 
does  limit  the  appeal  ot  tlie  essays  some- 
what. Although  most  of  the  topics  he  takes 
on  are  of  interest  to  practitioners  in  other 
areas  of  medicine,  some  pediatric  pR)blems 
do  not  generalize  well.  In  piirticular.  Silver- 
man's recurrent  critique  of  the  "never  say 
die"  altitude  pie\alenl  ui  the  neonatal  inten- 
sive care  unit  does  not  reflect  the  substantial 
changes  in  adult  critical  care.  Once  accused 
of  having  the  same  lack  of  interest  in  qual- 
ity of  life  and  distributive  justice  issues,  adult 
inleiisivists  have  largely  embraced  the  no- 
tion of  limiting  care  based  on  poor  progno- 
sis, either  for  surv'ival  or  quality  of  life.  Pe- 
diatricians like  to  remind  internists  that 
children  are  not  just  lillle  adults,  but  neither 
are  their  problems  miniature  versions  of 
those  facing  grown-ups.  For  those  involved 
in  the  care  of  children,  the  essays  are  likely 
to  hit  home.  For  those  who  ne\..'  care  for 
kids,  making  the  leap  from  Silvennan's  ex- 
amples takes  a  bit  more  effort. 

The  structure  of  the  book  is  not  ideal. 
Silverman's  essays  are  presented  in  chrono- 
logical order,  rather  than  being  organized 
by  subject  matter.  This  allows  the  reader  to 
appreciate  the  historical  evolution  of  the  au- 
thor's thoughts  and  the  focus  of  the  EBM 
movement,  starting  with  appeals  to  refrani 
from  actions  w  ithout  e\  identiary  support  and 
progressing  to  more  sophisticated  discus- 
sions, such  as  how  to  interpret  statistical 
presentations  of  data.  But  the  chronological 
presentation  has  the  reader  jumping  between 
short  discussions  of  unconnected  topics. 
Each  essay  stands  alone,  rendering  the  book 
more  interesting  when  it  is  read  in  .'i-minule 
increments,  an  essay  at  a  time. 

More  irritating  for  the  academic-minded 
reader  is  the  way  citations  are  dealt  vvith. 
Rather  than  finding  the  references  at  the  end 
of  each  essay,  a  reader  interested  in  exam- 
ining Silvennan's  sources  must  find  a  cita- 
tion by  author  and  year  in  an  appendix  and 
then  find  the  full  citation  in  a  separate  bib- 
liography. As  Silvennan  quotes  a  wide  va- 
riety of  medical  and  nonmedical  writers  and 
cites  a  great  deal  ol  research  and  research- 
related  writing,  the  inquisitive  reader  spends 
a  lot  of  time  flipping  through  the  back  pages. 

Despite  these  limitations.  Where's  the 
Evidence  pro\  ides  a  chance  to  read  the  weli- 
articulated  thoughts  of  a  well-  and  wideh- 
read  physician  who,  despite  his  own  devo- 
tion to  empirical  evidence,  clearly  embodies 
those  nonev  identiary  traits  thai  make  for  a 
superb  clinician.  Silverman's  understanding 
of  the  hi.slory  of  medicine,  his  use  of  anec- 


dotes ( usual l\  anathema  to  EBMers),  and 
the  ubiquitous  literary  references  make  these 
essays  a  pleasure  to  read.  Although  he  sees 
himself  as  a  bit  of  an  academic  curmudg- 
eon, his  tone  is  positive  even  when  he  is 
suffering  fools  and  constructive  even  when 
pointing  out  the  errors  of  others.  Although  I 
do  not  share  his  view  of  empirical  evidence 
as  a  panacea  for  the  ills  of  modem  medi- 
cine, one  cannot  help  but  admire  Silver- 
man's intellect  and  reasoning  skills.  His  es- 
says are  thought-provoking,  even  when  no 
longer  controversial,  and  his  enthusiasm  for 
improving  on  clinical  medicine  is  infectious. 
In  short,  each  essay  is  a  good  read,  and  an 
educational  one  at  that.  Tliis  is  one  book 
where  the  parts  are  greater  than  the  whole. 

Mark  R  Tonelli  MD  MA 

Department  of  Medicine 

and 

Dep;u1ment  of  Medical  History  and  Ethics 

University  of  Washington 

Seattle,  Washington 

Outcome  of  the  Critically  III:  Medicine. 
Surgery  and  Trauma.  Rade  B  Vukmir  MD 
JD.  New  York;  The  Parthenon  Publishing 
Group.  2001.  Soft-cover.  188  pages.  S44. 

Outcome  of  the  Critically  III:  Medi- 
cine, Surgery  and  Trauma  iiflers  an  ex- 
haustive review  of  scientific  literature  that 
describes  how  a  variety  of  patients  fare  fol- 
lowing admission  to  an  intensive  care  unit 
( ICU ).  The  text  is  di\  ided  into  .■*  "templates." 
one  each  for  medicine  and  anesthesi;i/sur- 
gical  ICUs  and  the  third  devoted  to  evalu- 
ating the  effects  of  traumatic  injury  on  pa- 
tients. The  goal  of  the  text  seems  not  to  be 
how  best  to  triage  limited  resources,  but  to 
allow  caregivers  some  ability  to  anticipate 
what  these  patients  can  expect  during  and 
following  their  ICU  stays,  and  to  predict 
areas  of  possibly  futile  c;ire.  The  author  in- 
dicates his  intended  audience  to  include 
medical  students  and  attending  intensivists. 
as  well  as  those  practitioners  w  ho  c;ire  for  crit- 
icalK  ill  patients  infivquentlv.  Iliough  infor- 
mative to  all,  I  believe  the  groups  most  likely 
lo  benefit  from  this  book  are  those  who  ha\  e 
direct  interactions  and  discussions  w  iih  both 
crilicallv  ill  patients  and  their  families. 

The  "template "  design  is  well  thought 
out  and  organized.  Medical,  surgical,  anil 
trauma  ICUs  have  different  populations  with 
diverse  presentations,  co-morbidities,  and 
pre-existing  medical  conditions.  Though  il 
may  be  uncommon  to  routinely  see  a  trauma 
patient  with  an  extensive  medical  histoiy. 


such  palients  wnukl  he  the  exception  to  the 
rule  in  most  other  units.  In  addition,  the 
diagnosis  may  be  somewhat  more  straight- 
forward in  the  traumalically  injured  or  post- 
operative patient  than  in  the  typical  medical 
ICU  admission,  carrying  a  similar  ability  to 
better  anticipate  subsequent  problems  where 
the  diagnosis  is  more  secure.  ()w  ing  to  those 
differences,  Dr  Vukmir  has  smartly  given 
each  group  its  own  dedicated  section,  with 
minimal  overlap  of  disciplines. 

The  first  and  longest  template  begins  with 
descriptions  of  the  development  and  focus 
of  the  earliest  ICUs.  Dr  Vukmir  provides  a 
brief  but  informative  history  of  the  first  med- 
ical ICUs  as  places  where  care  could  be 
delivered  to  the  "critically  but  not  hopelessly 
ill."  Following  that  iniroduclion.  the  author 
subdivides  the  section  to  individually  ad- 
dress organ  systems  and  disease  states  re- 
lated to  those  systems.  Unfortunately.  I 
found  this  section  tedious  to  read,  largely 
because  of  the  very  extensive  use  of  per- 
centages to  describe  outcomes.  Though  this 
cleariy  is  the  topic  to  be  covered,  the  per- 
centage was  used  so  frequently  that  it  be- 
came difficult  to  follow  the  author's  intended 
point.  These  descriptions  also,  too  fre- 
quently, did  not  have  a  reference  to  the  date 
of  the  study  in  the  bod>'  of  the  text.  The 
other  sections  did  not  suffer  from  this,  how- 
ever, and  all  of  the  author's  references  are 
very  well  documented  at  the  conclusion  of 
each  chapter.  This  chapter  contained  the  only 
typographical  error  I  found:  on  Page  15  "iso- 
tropic agent"  should  be  "inotropic  agent." 

The  only  other  criticism  1  have  ot  the 
book  in\  olves  the  age  of  the  references,  none 
being  sounger  than  1W6.  Given  the  pleth- 
ora of  reference  sources  cited,  though,  this 
is  not  a  major  detriment.  The  overall  cov- 
erage of  medical  ICU  admission  diagnoses 
is  quite  thorough  and  provides  the  practi- 
tioner a  good  feel  for  expected  patient  out- 
comes as  well  as  potential  management  strat- 
egies  to  improve  those  outcomes. 
.Additionally,  it  gives  time  lo  nutritional  de- 
ficiencies (a  topic  often  under-appreciated 
in  ICUs)  as  well  as  ihe  positive  impact  of 
nursing  intervention. 

Anesthesia  and  surgical  ICUs  are  the  fo- 
cus of  template  2.  This  section  is  introduced 
w  ith  some  background  on  the  impiov  ements 
in  morbidity  and  mortality  Irom  anesthesia 
aiul  surgical  interventions  over  the  last  half 
ot  the  20th  century,  with  emphasis  on  the 
impact  of  the  insiiiulion  of  a  dedicated  unit 
locare  for  critically  ill  patients.  This  equally 
thorough  treatise  is  also  subdivided  into  or- 
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gan  systems  arnl  inclinlcs  data  on  some  pro- 
phylaetic  measures  to  impro\e  outcomes  as 
well  as  the  positive  role  for  aggressive  and 
early  physical  therapy. 

The  hiyh  pomt  ol  this  chapter  is  the  au- 
thor's extensive  descriptions  of  the  \;uious 
prognostic  models  available.  This  infonna- 
tion  allows  the  reader  additional  insight  into 
just  w  hat  these  percentages  mean  and  where 
they  derive  from.  He  addresses  models  that 
evaluate  not  only  monality  and  morbidity 
but  quality  of  life.  It  is  this  last  piece  of 
information  that  is  far  too  often  not  con- 
veyed effectively  to  patient's  families 
when  discussing  the  most  severely  injured 
or  sick  patient.  Again,  though  somewhat 
dated,  the  source  material  referenced  is 
very  extensive. 

TTie  final  template  is  de\iiled  to  a  subset 
of  surgical  and  medical  patients,  namely 
physical  trauma  patients.  This  section  be- 
gins by  discussing  various  mechanisms  that 
improve  suni\al  to  hospital  as  well  as  de- 
scribing the  nomenclature  of  how  institu- 
tions are  designated  a  "trauma  le\el"  status. 
Dr  Vukmir  continues  with  a  general  discus- 
sion of  certain  patient  and  mechanism-of- 
injury  characteristics  that  sene  as  prognos- 
tic indicators  of  outcome.  He  then  remms  to 
the  basic  format  of  a  systems  approach  to 
evaluating  outcomes. 

This  section  includes  a  more  in-depth 
look  at  neurologic  injury,  whether  it  be 
closed  head  injury,  spinal  cord  trauma,  or 
orthopedic  injun,'  that  compromises  the  cen- 
tral ncr\ous  system.  .As  in  the  previous  tem- 
plate, the  author  includes  a  very  expert  ex- 
planation of  various  outcome  models,  h 
concludes  with  a  section  on  outcomes  re- 
lated to  rehabilitation  potential  after  a  trau- 
matic injury. 

This  paperback  b(K)k  is  fairly  priced  at 
S-44  and  is  relatively  easy  to  read.  TTie  in- 
formation it  provides  should  prove  most 
valuable  to  those  who  encounter  these  sit- 
uations on  an  infrequent  basis,  but  it  would 
serve  as  good  background  resource  mate- 
rial for  those  who  encounter  these  condi- 
tions on  a  routine  basis  as  well.  The  shin- 
ing features  include  the  exhaustive 
literature  referenced  and  the  complete  de- 
scriptions of  many  of  the  predictive  mod- 
eling systems  in  use  today. 

C  Mark  Bazzell  MD 

Depanment  of  Anesthesiology 

Division  of  Critical  Care  Medicine 

Mayo  Clinic. 

Rochester.  Minnesota 


lnf(»rni:ilics  for  lliiiilhcari-  I'mfissloiials 

Kalhleeii  .\1  \ouu^  .\IA  RNC.  Philadelphia: 
FA  Davis.  20(K).  Soft  cover,  illustrated,  2S2 
pages,  $29.95. 

Informatics  for  Healthcare  Profession- 
als presents  itself  as  a  "mid-level,  generic 
inlormatics  book"  to  be  used  in  a  health 
care  curriculum.  It  introduces  the  surprising 
breadth  of  informatics  in  a  very  readable 
format.  Along  the  way  it  covers  types  of 
infomiation.  computer  literacy,  taxonomv. 
security,  electronic  systems  design,  and  tele- 
health,  to  mention  just  a  few. 

Health  care  depends  on  information.  Mas- 
sive amounts  of  data  can  be  created  about  a 
single  patient.  Those  data  must  be  consid- 
ered in  context  to  become  information.  In- 
formation is  then  assimilated  into  a  know  1- 
edge  base  that  can  be  used  for  medical 
decision-making.  The  first  pan  of  the  book 
gives  several  examples  of  this  process. 

Wisely,  the  author  avoids  getting  bogged 
down  with  introductory  level  discussions, 
such  as  describing  word  processors  or 
spreadsheets.  She  also  does  not  give  any 
details  about  commercial  health  care  infor- 
mation systems,  even  during  a  lengthy  chap- 
ter on  electronic  records.  This  is  commend- 
able, since  the  concepts  of  record 
management  are  more  important  to  under- 
stand than  how  to  enter  test  results  in  any 
given  database. 

An  early  chapter  presents  the  5  "rights" 
of  information:  the  right  information  avail- 
able to  the  right  person  at  the  right  rime  in 
the  right/;/(/t  f  and  in  the  right  aimnml.  These 
rights  make  up  the  field  of  health  care  in- 
formatics, which  consists  not  only  of  health 
Ciire  but  also  computer,  infomiation.  and 
cognitive  sciences.  Having  the  right  infor- 
mation is  also  a  prerequisite  for  evidence- 
based  medicine.  Evidence-based  medicine 
is  subsequently  made  easy  to  understand, 
along  with  the  potential  barriers  to  its  im- 
plementation. 

Human  factors  engineers  address  the  pre- 
sentation of  infomiation  and  potential  prob- 
lems. TTiey  describe  well-known  problems 
relating  to  bad  design,  such  as  the  failure  at 
Three-Mile  Island.  A  list  of  features  dis- 
cusses how  to  avoid  problems  in  designing 
human-machine  interfaces.  L'sability  is  de- 
pendent on  ease  of  leaming,  a.ssistance  in 
task  performance,  and  error  avoidance.  This 
requires  not  only  assessing  the  task,  but  also 
the  expected  user.  ,An  uncited  source  on  Page 
67  tells  of  "numerous  injuries,  deaths,  and 


'near  misses'  with  ventilators"  bccau.se  of 
poor  tube  and  connector  design. 

Classification  of  infomiation  is  discussed 
in  the  next  chapter.  It  shows  the  need  for 
standardized  and  discipline-differentiated 
medical  languages.  Several  examples  are 
given  of  attempts  to  create  a  unified  nursing 
language  from  several  existing  cla.ssifica- 
tion  systems. 

The  chapter  on  electronic  health  records 
shows  both  their  value  and  current  shon- 
comings.  Paper  charts  have  been  around  for 
generations  and  provide  a  level  of  comfort 
for  most  practitioners;  they  are  easily  por- 
table and  can  accommodate  many  types  of 
data.  On  the  other  hand,  they  are  usually 
limited  to  a  single  user  at  a  time,  can  be  lost, 
require  physical  storage  facilities,  and  have 
no  internal  mechanism  for  accuracy.  It 
would  be  nice  to  think  that  electronic  records 
relieve  all  of  these  problems,  but  they  don't. 
In  fact  they  add  a  few  of  their  own,  most 
notable  of  which  is  the  initial  startup  cost. 
.•\vailability  of  the  record  in  multiple  loca- 
tions at  the  same  time  points  out  the  need 
for  security.  The  discussion  of  rights  and 
ownership  of  the  data  continues  in  follow- 
ing chapters. 

One  of  the  most  useful  sections  of  the 
book  discusses  change  control,  specifically 
in  relation  to  automating  medical  informa- 
tion. This  information  could  easily  be  used 
in  any  management  course.  Recognizing  that 
there  is  always  resistance  to  change,  the 
chapter  tells  how  to  find  different  groups  of 
employees  and  use  each  for  their  strengths. 
Change  should  be  a  circular  process  that 
starts  with  analysis;  moves  through  de- 
sign, development,  and  implementation; 
and  then  returns  to  the  beginning  of  the 
cycle  with  analysis. 

Tlie  most  cntical  point  oi  the  btxik  is  in 
the  chapter  on  infomiation  management.  ,A 
section  titled  "Invisibility  of  .Allied  Health 
Professions  in  Data  Collection"  states: 

If  allied  health  professionals  are  to 
inHuence  the  deliver)  of  health  care 
in  managed-care  environnienLs.  an 
information  infrastruclurc  similar  lo 
those  used  by  the  p»nver  struclunes 
that  design  and  eonlrol  the  deliverv' 
and  purchasing  of  health  care  in  the 
United  Slates  must  be  developed. 

It  points  out  that  all  of  the  current  cixii- 
fication  systems — such  as  the  International 
Classification  of  Diseases,  the  Diagnosis  Re- 
lated Groups,  and  the  Physicians'  Current 
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Procedural  Terminology — ignore  the  prac- 
tice. inteiAeiitioiiN,  and  outcomes  attribut- 
able to  allied  health  prolessionals.  For  ex- 
ample, in  order  for  the  value  ol  respiraiorN' 
care  to  be  recognized,  information  has  to  be 
made  available  in  a  standardized  language. 
A  later  chapter  discusses  how  to  transfomi 
information  mto  know  ledge  and  to  use  man- 
agement techniques  such  as  total  quality 
management  and  continuous  quality  ini- 
pro\ement. 

The  chapter  on  electronic  communica- 
tions tries  to  cover  the  World  Wide  Web, 
e-mail,  list  servers,  chat  rooms,  tlrewalls. 
personal  digital  assistants,  and  voice  recog- 
nition in  about  2t)  pages.  Most  of  the  infor- 
mation is  there,  but  in  a  somewhat  jumbled 
format.  For  people  who  look  for  technical 
errors,  an  Internet  protocol  (IP)  address  ex- 
ample on  Page  193  is  wrong.  The  chapter 
provides  good  infomiation  on  evaluating 
Web  sites.  With  more  patients  looking  up 
their  conditions  on-line,  it  is  necessary  for 
practitioners  to  be  able  to  help  them  deter- 
mine the  accuracy  of  the  data. 

The  section  on  telehealth  discusses  the 
current  condition  of  practice.  Likely  venues 
for  telehealth  today  are  rural  areas,  .schools, 
pnsons.  and  home  health  service.  The  cost 
of  delivery  can  be  reduced  and  the  need  for 
home  visits  can  be  reduced  by  as  much  as 
45%.  Telehealth  has  already  brought  med- 
ical care  to  populations  that  have  been  poorly 
served  in  the  past. 

Young  ends  the  book  with  a  p;iragraph 
relating  the  need  for  all  health  care  educa- 
tion programs  to  become  more  involved  in 
teaching  informatics.  Though  informatics  is 
still  an  elective  course  in  many  programs — if 
it  is  available  at  all — the  future  need  tor 
information  management  should  turn  this 
into  a  core  teaching  subject. 

This  book  serves  its  stated  purpose  well 
as  an  informatics  guidebook.  Though  it 
would  be  useful  as  a  course  textbook,  each 
section  also  presents  enough  detail  to  make 
it  useful  as  a  reference  book  as  well. 


Steven  B  Nelson  MS  RRT 

Overland  Park.  Kansas 

Mayo  Pulmonary  Services 

Rochester.  Minnesota 


Ki'spiratdry  &  Puhiionary  Medichie:  .luly 
2(MM)-.|iinc  2(M»1:  An  liittriut  Resource 
(•uide.  Daniel  k  (iokleiison.  editor  in-chief. 
Joe  CiN  Garcia  MD  and  Charles  M  Wiener 
MD,  consulting  ediU)rs.  Princeton.  New  Jer- 
sey: eMedguides.com.  Inc.  2(XX).  Soft  cover. 
.S-^O  pages.  $24.95. 

Paper  or  plastic?  Is  there  a  reason  to  use 
a  printed  volume  to  look  lor  on-line  re- 
sources' Respiratory  &  Pulmonary  Med- 
icine: ,|ul\  2(MM)-.|une  2(101:  .\n  Internet 
Resource  (iuide  tries  to  demonstrate  the 
V  aliie  of  old  methods  over  new.  This  book 
is  part  of  a  series  published  in  conjunction 
with  eMedguides.com  and  sponsored  by 
Bristol-Myers  Squibb  Company.  The  series 
covers  about  20  medical  specialties.  The 
unique  feature  of  this  series  is  that  it  is  also 
available  on  a  Web  site  (www.eMedguide. 
com)  that  directly  reflects  the  organization 
of  each  book. 

The  book  is  organized  into  2  parts,  the 
first  specific  to  respiratory  and  pulmonary 
medicine  and  the  second  for  general  medi- 
cal topics.  Each  listing  consists  of  a  hu- 
manly comprehensible  title,  the  URL  (uni- 
versal record  locator;  the  "http://.  . .  "  text 
string),  a  short  descriptive  paragraph,  and  a 
rating.  Each  site  is  given  1  to  3  stars,  with  3 
showing  a  great  depth  of  infomiation  and  1 
just  meeting  the  inclusion  criteria.  The  sites 
are  selected  by  a  medical  research  staff. 

The  respiratory  section  starts  with  an  ex- 
tensive list  of  reference  materials,  including 
on-line  journals,  recenllv  published  books, 
continuing  education  sources,  and  related 
organizations.  It  continues  with  sections  on 
physiology,  symptoms,  diagnostics,  proce- 
dures, and  pharmacology.  The  largest  sec- 
tion covers  diseases  and  disorders,  with  S3 
topics. 

The  general  medicine  section  includes 
everything  from  pain  management  to  of- 
fice management.  It  is  a  handy  reference 
for  broad  topics  that  are  onlv  needed  oc- 
casionally. 

Curiously,  the  page  numbers  in  the  table 
of  contents  are  out  of  order  throughout  the 
book,  but  the  index  pages  are  correct. 

The  reader  may  wonder  why  a  book  is 
re(.|uired  to  search  the  Internet.  An  example 
may  help.  In  the  disease  section  there  are  4 
references  for  the  topic  "bronchiectasis." 


They  are  well-known  sites  that  give  very 
good  definitions  ot  the  disease,  along  with 
symptoms,  radiologv  llndings.  and  other 
supporting  data.  A  search  for  the  saine  term 
on  popular  Web  search  engines  gave  the 
following  numbers  of  references:  Altavista 
19.620:  Google  13.300;  Lycos  8.773; 
WebCrawler  300;  WebMD  25;  Yahoo 
5,440. 

It  is  quickly  obvious  that  there  are  loo 
many  choices.  The  book  may  not  provide 
the  "best"  reterence.  if  one  could  even  be 
determined,  but  it  does  give  a  manageable 
number  of  reasonably  good  resources. 

A  related  question  that  conies  to  mind  is, 
"Why  try  to  capture  something  that  changes 
so  quickly'.'"  The  data  in  a  book  may  well 
be  over  a  year  old  by  the  time  it  is  finally 
printed.  Web  sites  can  appear  and  disappear 
in  a  inatter  of  months  and  change  completely 
in  the  interim.  The  indexers  of  this  book 
included  sites  that  would  have  some  lon- 
gevity, but  even  so,  comparing  the  print  ver- 
sion to  the  on-line  version  shows  the  effect 
of  the  recent  "dot. com"  disasters.  Section 
11.1.  ".Abstract.  Citation,  and  Full-Text 
Seiu^ch  Tools."  lists  4  items.  In  August  2001 
only  one  of  the  sites  was  still  reachable.  By 
contrast,  the  on-line  section  on  neuromus- 
cular diseases  has  added  5  resources  and 
corrected  a  bad  Internet  address. 

The  value  of  the  printed  versus  on-line 
version  can  still  be  debated.  The  only  rea- 
son the  book  is  actually  required  is  to  obtain 
the  access  code  printed  on  the  inside  cover. 
Without  that,  much  of  the  on-line  version  is 
not  accessible.  However,  the  Web  site  of- 
fers a  suggestion;  contact  a  phiumaceutical 
representative  for  a  complimentarv  copv  for 
qualified  medical  professionals.  The  on-line 

V  ersion  appears  to  be  updated  regularly,  pro- 

V  iding  the  benefit  that  should  be  expected. 

Though  the  paper  v  ersion  prov  ides  a  com- 
fort factor  tor  the  technological  l_v  -challenged 
and  also  prov  ides  a  set  of  very  good  refer- 
ences, the  on-line  version  still  wins,  in  my 
opinion,  with  the  ability  to  be  updated  as 
heller  references  are  found.  Plastic,  plea.se. 

Steven  B  Nelson  MS  RRT 

Overland  Park.  Kansas 

Mayo  Pulmonarv  Services 

Rochester.  Minnesota 
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icrmmologv .  1216 
Outpatients  and  outpatient  care 
respuaiorv  therapist  effectiveness,  56 
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Oxygen 

cost  of  breathing,  in  mechanical  ventilation  weaning. 
902 
Oxygen  administration  and  therapy 

for  chronic  ohstnicii\c  pulmonary  disease.  Sl.'i.  1297 

conliuLious  nisulTlation.  120 

nocturnal.  1.^ 

oxygen  dilution  formula  (letter).  lO.'^.'i 

transtracheal.  15.  12.^ 

via  nasal  cannula,  traction  of  inspired  oxygen  in  inlants. 
safety  of.  897 

worsening  hypercapnia  m.  375 
Oxygenation 

apneic.  120 
Oxygen  delivery  sy.stems 

with  heliox  mixtures.  248 

nasal  cannula,  in  infants,  fraction  of  inspired  oxygen, 
safety  issues,  897 


Pathology  and  pathophysiology 

book  review 

Pathology  for  tlw  licaltli-rfhitcd  professions.  2nd  ed. 
1058 
Patient  care 

clinical  decision-making.  1442 
Patient  compliance 

m  home  respiratory  care.  480 
Patient  positioning 

prone,  in  ARD.S  management.  1371 
Peak  airway  pressure.  See  Airway  pressure 
Personnel 

respiratory  care  practitioner  turnover.  238 
Petroleum 

distillates,  pneumonitis  from  self-administration  (case 
report).  53 
pH.  See  Arterial  blood  gases 
Pharmacology.  See  Drugs  and  drug  therapy 
Physiology 

book  review 

Principles  of  physiology.  3rd  ed.  719 
Plethysmography 

Body   plethysmography:    2001    revision   and   update 
(AARC  clinical  practice  guideline).  506 
Pleural  diseases  and  disorders 

thoracic  sonography.  933 
Pneumococcal  infections 

\accination.  e\  idence-based  medicine.  1258 
Pneumonia 

from  self-admmistered  lA'.  ink  solvent  (case  report).  53 
Pneumonia,  ventilator-associated 

airway  manatiemcnt.  evidence-based.  1 392 


diagnostic  criteria.  892 

microbial  culture  techniques.  e\  idence-based  compari- 
son, 1404 
ventilator  circuit  change,  frequency  and  risk  of,  891 
ventilator  circuit  change,  frequency  and  risk  of  (edito- 
rial). 88S 
Pneumonitis.  See  Pneumonia 
Pneumothorax 

with  cystic  lung  disease,  \entilator  weaning  to  extuba- 
tion  in  infant  (case  report),  263 
Poisoning  and  toxicity 

ink  solvent,  pneumonitis  from  sclt-administered   I.V. 
(case  report).  53 
Polysomnography 

sleep  apnea  iliagnosis.  1418 
Positive  end-expiratory  pressure  (PF^EP) 

Automode  e\aluation.  with  .Siemens  Ser\'o  300A  \en- 

tilator.  26 
low  tidal  volume  ventilation  protocols,  in  acute  lung 

injury  or  ARDS.  1024 
lung  collapse  during  low   tidal  volume  ventilation  in 

ARDS  (case  report),  49 
monitoring,  in  tracheal  gas  insufflation.  187 
pressure-volume  curves,  in  experimental  ARDS.  686 
in  tracheal  gas  insufflation.  170 
tracheal  gas  insufflation  with  flow  relief  valve,  effects 

on.  bench  study.  577 
in  ventilator-induced  lung  injury.  136 
weaning  children  from  \entilator.  protocol-  \s  physi- 
cian-directed. 772 
Positive  expiratory  pressure 

for  secretion  clearance.  e\  idence-based  practice.  1283 
Positive-pressure  ventilation.  See  Mechanical  ventila- 
tion 
Postoperative  complications 

volume-support  ventilation,  asynchrony  and  tidal  vol- 
ume instability  (case  report).  255 
Potassium 

excretion  in  metabolic  alkalosis.  356 
Premature  infants 

airway  suctioning  tiequencies.  very-knv-binhw  eight  me- 
chanically ventilated  infants.  783 
Problem  solving 

in  evidence-based  medicine.  1201 
Professional  practice 

innovations  in  mechanical  ventilation.  267 
Protocols 

low  tidal  volume  ventilation,  in  acute  lung  injury  or 

ARDS.  1024 
ventilator  weaning.  772.  905.  1413 
Weaning  parameters:  who  caresl  (letter  and  response). 
')46 
I'ulmonary  arteries  and  >eins 
magnetic  resonance  imaging,  924 
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I'lilinoniiry  embolism 

rcciiricnl.  iraiistrachcal  aiigiiK'iiici.1  \cnlihiti(iii.  15 
single-photon  emission  computed  tomography,  ^40 
ullrasonogiapln ,  4.vS 
Pulmonary  fibrosis,  idioputhic 

low -dose  methylprednisolone  for  (case  report).  698 
\s  tibroprolil'erali\e  acute  respirators  distress  syndrome 
(editorial  I.  664 
Pulmonary  function  testing 
hook  revie\ss 

InU'rvciuional  pulniDiiology.  200 
Liini>  function  tests:  physioloi^ical  pi  imiphs  and  clin- 
ical applications.  70 
pressure-Nolume  curves,  in  experimental  ARDS.  6S6 
Pulmonary  hypertension  of  newborn 

high-l'ret|uenc\   How  interruption  ventilation  \s  hyper- 
\entilation.  586 
Pulmonary  infections 

relapsiny.  willi  bronchial  atresia  (case  report).  601 
Purchasing 

capital  purchases,  decision  analysis  for.  1038 


Q 


Quality  of  health  care 

home  respiratory  care,  483 
quality  of  life  and,  1236 
respirators  therapists,  effectiveness  of,  56 
Quality  of  life 
in  children.  1243 

health-related,  assessment  of,  1236 
pulmonary  rehabilitation  programs  improving,  595 
sleep  apnea  and,  1418 


R 


Radial  artery 

.Allen's  test:  fact  or  myth.'  (letter).  274 
lines  and  sticks,  risks  of  (editorial  l.  229 
Randomized  controlled  trials 

chronic  obstructive  pulnionarv  disease,  1204 
in  evidence-based  medicine,  1231 
Ihrombolytic  iherapv.  1202 
Rehabilitation,  pulmonary 
book  reviews 

Advances  in  cardiopulmonary  rchahililation.  834 
Pulmonary  rehabilitation:  guidelines  to  success,  3rd 
ed.  833 
for  COPD,  812,1 298 
exercise  session  staffing,  694 
quality  ot  life  and.  595 


Research 

book  reviews 

Introduction  to  research  in  the  health  sciences.  4th 

ed,  1307 
Super  searchers  on  health  &  medicine:  the  online 
secrets  of  top  health   &   medical  researchers, 
1  309 
innovations  in  mechanical  ventilation.  267 
relationship  between  clinical  research  and  clinical  prac- 
tice. 1435 
Research  methods 

Device  evaluation:  a  critique  (letter),  273 
Respiration 

breathing  patterns,  classification  of,  in  mechanical  ven- 
tilation. 604 
Respiratory  acidosis.  See  Hypercapnia  and  hypercarbia 
Respiratory  alkalosis 
classification.  385 
defined.  385 
diagnosis,  389 
electrolyte  hemostasis,  386 
etiology,  386 
lactic  acidosis.  386 
metabolic  acidosis  and.  348 
pathophysiology.  385 
review  of,  384 
systemic  effects.  388 
therapeutic  uses,  389 
treatment.  389 
Respiratory  care 
book  reviews 

Clinical  practice  in  respiratory  care,  282 
Lecture  notes  on  respiratory  medicine,  5th  ed.  68 
The  multiskilled  respiratory  therapist:  a  competency- 
based  approach.  1057 
future  of  (special  article).  705;  ( letter).  1304 
history.  705 

home-based,  physician/respiratory    therapist  partner- 
ships. 475 
mechanical  ventilation  innovations.  267 
terminology,  705 
trends,  705 
Respiratory  care,  neonatal 

airway  suctioning  trequencies.  in  very -low -biithvv  eight, 

783 
book  review 

Chronic  luni;  disease  in  early  infancy.  829 
nebulized  budesonide  and  terbutaline  in  ventilator  cir- 
cuits. 4.^ 
Respiratory  care,  pediatric 
airway  pressure  release  veiuil.iiion.  with  vhort  release 

time,  in  ARDS  (case  report).  1019 
book  reviews 

Handbook  of  pediatric  intensive  care.  3rd  ed.  493 
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Ki'iulii;'\  tlisi>nlcr\  oj  llic  rcsplniinn   inicl  in  (hil- 
(Ircn.  6th  cd.  6S 
traction  of  inspired  oxygen  \  la  nasal  cannula,  in  uilanls. 

safety  of.  8i)7 
lack  of  data  on  off-lahel  use  of  noninvasive  posili\e 

pressure  ventilation  (letter).  276 
weaning  from  ventilator,  pi'otocol   \  s  physician-directed. 

772 
weaning  to  extubation  from  high-trec|uency  oscillatory 
\entilation.  263 
Ri  si'iRAioRV  Cark  .Iniirnal 

history  of.  71 7 
Respiratory  diseases  and  disorders 
book  reviews 

Comprehensive  respinitoiy  medicine.  119 

Fni.se  r  and  Fare's  diat^nosis  of  diseases  of  the  chesi. 

4th  ed.  278 
Textbook  of  respiratory  medicine.  T^rd  ed.  280 
Respiratory  insufficiency 

asynchrony  and  tidal  volume  instability  in  volume-sup- 
port Nentilatiini  (case  report).  2.'i.'^ 
Respiratory  syncytial  virus  infections 

airway  pressure  release  ventilation  for  in  ARDS  (case 
report).  1019 
Respiratory  therapists 
effectiveness.  56 
history.  714 
tracheal  intubation 

recertification  and  skills  retention.  2.M 
training  (editorial),  227 
turnmer.  frequency  and  costs  of.  238 
Risk  factors 

radial  arterial  lines  and  sticks  (editorial).  22*) 
Roger  C  Bone  Memorial  Lecture 

inno\ations  in  mechanical  \entilation.  267 
Rural  health 

pneumococcal   vaccination,  evidence-based  medicine. 
12.^8 


Scintigraphy 

(.|uantitati\e  lung  scan.  941 
Secretions.  See  Fluids  and  secretions 
Sleep  apnea.  See  also  Apnea 

obstructi\'e.  evidence-based  medicine.  1418 

quality  of  life  index.  1248 
Sleep  disorders 

book  review 

Frinciples  and  practice  of  sleep  medicine.  3rd  ed.  62.^ 

quality  of  life  questionnaires.  1248 


Solvents 

pneumonitis  from  self-adnmiislratum  ol  lA'.  ink  (ease 
report).  .'^3 
Sonography 

thoracic.  ')32 

Spanish  language 

book  review 

Say  it  in  Spcmish:  a  i;i(idc  for  health  care  profession- 
als.  1063 
SPECT.  See  Tomography,  computed 
Staffing  and  scheduling 

pulmonaiA  rehabilitation  exercise  sessions.  694 
Steroids 

for  acute  asthma,  evidence-based  practice.  1383 

for  COPD.  768.  811.  1297 

for  idiopathic  pulmonar\  fibrosis  and  ARDS  (editorial). 

664 
late  phase,  for  ARDS.  1372 
Stroke 

electrical  stimulation  for  swallowing  disorders.  466 
Suction  and  suctioning  devices 

airway  suctioning  frequencies,  very-low-birthweight  me- 
chanically \entilated  infants.  783 
Surveys  and  questionnaires 

health-related  quality  of  life  assessment.  1236 
quality  of  life  and  chronic  respiratory  disease,  pulmo- 
nary rehabilitation  improving.  595 
Swallowing 

assessment  of.  467 
disorders  {See  Dysphagia) 

videotluoroscopy  vs  colored  dyes,  for  aspiration  assess- 
ment in  tracheostomy.  243 


Terbutaline 

nebuli/ed.  in  neonatal  \entilalor  circuits.  43 
Thoracic  imaging.  Sec  Chest  imaging 
Thrombolytic  therapy 

randomized  controlled  trials.  I  202 
Tidal  volume 

high-frequency  jet  \eniilation  (letter).  826 

instability,  in  \olume-support  \enlilation  (case  leport). 

255 
low 

in  ARDS  management.  142 

\enlilalion  protocols.  1024 

in  \entilatur-iiuiuced  lung  miuiv.  136 
lung  collapse  m  low  tidal  volume  \enlilalion  (letter  and 

response).  489 
pressure-xolume  cur\es.  in  experimental  ARDS.  686 
in  tracheal  gas  insufflation.  I.'i2.  186.  577 


1478 


Ri  spiRMORV  CARt-  •  DHCH\tBt;R  2001  Voi.  46  No  12 


Si  liner  l\ni  \  lo  Voi  imi;  46  (2001) 


T(>monrapli\ ,  coinputt'd 

muliKii.'Uxii)i-n>u  spu.il,  lor  thoracic  (.lis(.\isi.'  tliiiiinosis. 

912 
sinyli'-pliolon  (.'niissinn  (SPFCTi.  orclK'sl.  'Ml) 
'i'raclu';il  ^iis  iiistitilation.  Si c  liisuniiitioii,  tracheal 

gas 
Tracheotomy  and  tracheostomy 

aspiralinn  .isscssmciu.  culorcil  il\c  \s  \  itlcolluoiDscopy. 

243 
pcivLitanediis.  1392 
tuhc  inner  cannula  icnunal  and  uink  ol   hicalhins:, 

460 
xcnlilaloi-assiKiatcd  pneumonia  aiul.  I3')2 
I'racheoN  asciilar  Hsliihi 
Irachcai-uinoniinate  arler\    tisUila.   tVoin  eiKlolraciical 
luho  lip  (case  repoit).  1012 
Transtracheal   gas   insulTlation.   Sec   Insul't'lation, 

tracheal  gas 
Transtracheal  o\y  <ien  therapy.  Sec  Oxygen  administra- 
tion and  therapy,  transtracheal 
Tuberculosis 
bonk  reviews 

A  iiiiiici(iii'\  t^iiiilc  h>  tuberculosis.   1060 
Tnhciculosis:  a  compiclicusivc   iutcrnaiioiinl  ap- 
pnnicli.  2nd  ed.  1062 
Tubes,  endotracheal 

budesonide  and  terbutaline  delivery,  in  neonatal  \enii- 

lalion.  43 
inner  cannula  removal  and  work  of  breathing.  460 
intratracheal  pulnmnarv  ventilation.  12.^ 
reverse-tlow -design.  181 

traeheal-innomiiuite  artery  fistula  caused  by   (case  re- 
port). 1012 
unintended  consequences  of  artificial  airways  (editori- 
al). 1010 
Turnover,  personnel 

respiratory  therapists.  23S 


u 


I  Itrasonography 

thoracic.  932 


\  accinaliori 

pncunmcoccal.  evidence-based  practice.  12.^8 
\  entilation 

closed-loop  (See  Mechanical  \entilationi 

low  lidal  volume,  lung  collapse  during,  in  ARDS  (case 

report).  49 
pressure-support.  666 
in  tracheal  gas  insufflation.  1.52 
Iransiraclieal.  15 

volume-support,  patient-ventilation  interactions  in  (case 
report).  2.'i.'S 
\  entilator  circuits 

frequency  of  changes,  and  ventilator-associated  pneu- 
monia. S9I;  (editorial).  888 
neonatal,  nebuli/ed  budesonide  and  terbutaline  in.  43 
\  ideolluoroscopy.  See  Fluoroscopy,  video 
N'irtual  reality 
book  rev  lew 

Medicine  meets  virtual  reality  2000.  Envisioning  heal- 
iiii;:  interactive  techni>l()f;\  and  the  patient-practi- 
tioner dialoi>ue,  1 309 
N'olutrauma 

in  ventilator-induced  Iuul'  injurv.  13.'i 


w 


Weaning  from   ventilatory   support.  See  Mechanical 

ventilation,  weaning 
Web  site  reviews.  See  also  Internet 

evidence-based  medicine,  online  resources.  1311 
ML)  Consult.  4 1  I 
Work  of  breathing 

Aulomode  evaluation,  with  Siemens  Servo  300A  ven- 

lilator.  26 
oxygen  costs,  in  mechanical  ventilation  weaning  trials. 

902 
in  tracheal  gas  insuination.  1.^3 
tracheostoniv  tube  inner  cainuila  removal.  460 
volunie-suppori  ventilation,  asynchronv   and  tidal  vol- 
ume instability  (case  report).  255 
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AARC  Can  Help  You  Meet 

It's  also  an  ideal  classroom  tool  for  training  students.  Easy-to-use  simulations 

treatment  based  on  the  case  scenarios.  Each  program  installs  easily 

successfully  complete  scenarios  can  print  certificates  of  completion 


FOUR  EASY  WAYS  TO  ORDER 


PHONE:  (972)  243-2272   to  charge  your  order. 

ONLINE:  http://store.yahoo.com/aarc/ 

MAIL:  AARC,  1 1030  Abies  Lane,  Dallas,  Texas  75229-4593 

FILL  OUT  THIS  FORM  AND  FAX:  (972)  484-2720  or 
(972)  484-6010  to  charge  your  order. 


AARC  Member  Number 


Company/Institution 


Shippmg  Address 


City  /  State  /  Zip  +  4 


Telephone  (Please  include  area  code) 


Fax  Number  (Please  include  area  code) 


I  Order  Number 


Description  of  Item 


ALL  ORDERS  MUST  INCLUDE 


SHIPPING  &  HANDLING 


CHARGES 


Oty. 


Price  Per  Item 


■  Texas  residents  add  8.25%  sales  tax.  Sales  tax 
akulated  on  "Price  per  item"  before  postage  is 
idded  Texas  customers  exempt  from  sales  tax 
must  attach  an  exemption  certificate. 


Sales  Tax* 

Shipping  &  Handling** 

TOTAL 


ORDER  TOTAL  UPS  GROUND 

SlS.OOorless    S4.25 

$15  01  to  $25.00 $5.25 

S25.01  to  $40.00 $6.25 

540  01  to  $60.00 $7.25 

S60.01  to  $80  00 $8.25 

S80  01  to  $100  00   $9.25 


ORDER  TOTAL       UPS  GROUND 

$100.01  to  $150.00 $10.25 

$150.01  to  $200.00 $12.25 

$200.01  to  $25000 $14.25 

$250.01  to  $300. 00 $16.25 

$300  01  to  $400.00  $18  25 

$400  01  ancd  up  $20  25 


SOFTWARE  SHIPS  WITHIN  1-2  BUSINESS  DAYS 
PLEASE  CALL  FOR  ALL  OTHER  SHIPPING  RATES! 


Chronic  Obstrucrive  Pulmonary 
Disease  II  (COPD)  Clinical  Simulation 

This  simulation  begins  with  the  user  performing  the  initial 
evaluation  and  treatment  of  a  patient  with  COPD.  After 
appropriate  oxygen  therapy  is  initiated  and  the  patient  is 
stabilized,  the  user  performs  PFTs  to  classify  the  degree  of 
pulmonary  impairment.  A  pulmonary  rehabilitation  is 
initiated  as  well  as  recommendations  regarding  the  cleaning 
of  respiratory  equipment  at  home.  CAI  Software.  Requires 
Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL15  —  S65.00     •      Non  Member  S95. 00 
Multi-Installation  Site  License  S65.00 

Myasthenia  Gravis  Clinical  Simulation 

With  this  program,  the  user  deals  with  the  assessment  and 
treatment  of  a  patient  with  a  history  of  myasthenia  gravis. 
The  user  is  required  to  perform  preop  assessment  and  therapy. 
After  surgery  the  patient  experiences  respiratory  distress  and 
after  evaluation  by  the  user,  recommendations  are  requested 
for  her  cardiopulmonary  status  therapy.  When  the  patient 
experiences  severe  respiratory  distress,  the  user  performs  fur- 
ther evaluation  and  places  the  patient  on  a  ventilator.  And, 
after  stabilization,  extubation  parameters  and  instructions 
for  removal  from  ventilation  are  requested.  CAI  Software. 
Requires  Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL16  —  S65.00      •      Non  Member  S95. 00 
Multi-Installation  Site  License  S65.00 

Pediatric  Asthma  Clinical  Simulation 

The  user  assesses  and  recommends  initial  therapy  of  a 
pediatric  patient  with  asthma  who  presents  to  the  ER. 
After  low  flow  oxygen  and  bronchodilator  is  administered, 
the  user  is  required  to  obtain  for  laboratory  date  that 
results  in  increasing  the  FI02.  After  transfer  to  the  pediatric 
unit,  the  user  is  required  to  provide  further  assessment  and 
recommendations  for  treatment.  Twenty-four  hours  later 
the  patient  is  in  acute  respiratory  distress  which  requires 
assessment  that  results  in  mechanical  ventilation.  Ventilator 
settings  are  requested  and  assessment  of  the  results  of  the 
ventilation  is  performed.  CAI  Software.  Requires  Windows 
3  1  or  higher,  3,5"  floppy  PC  disk 
Item  PEL17  —  S65.00      •      Non  Member  S95. 00 
Multi-Installation  Site  License  S65.00 


1 


I 


I 


Regulatory  Requirements. 

present  case  sliidics  tliat  rcciuirc  the  user  to  perform  assessment  and 
and  tast,  so  Nour  students  or  staff  are  learning  in  no  time.  Users  \\  ho 
so  that  vou  can  document  their  activity. 


Flail  Chest  Clinical  Simulation 

This  simulation  deals  with  the  initial  assessment  and  treat- 
ment of  a  24-year  old  female  entering  the  emergency  room 
after  being  involved  in  an  automobile  accident.  After  stabi- 
lization, the  user  is  required  to  evaluate  and  treat  pul- 
monary complications.  These  complications  lead  to  emer- 
gency resuscitation,  intubation,  and  mechanical  ventilation, 
after  which  a  pneumothorax  develops  that  requires  the 
users  assessment  and  treatment.  A  chest  tube  is  inserted, 
and  the  student  is  asked  to  evaluate  the  information 
obtained  by  a  pleurovac  drainage  system.  CAI  Software. 
Requires  Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL18  —  S65.00      •      Non  Member  S95. 00 
Multi-Installation  Site  License  S65.00 

Near  Drowning  Clinical  Simulation 

This  simulation  presents  the  user  with  a  16-year  old  near 
drowning  victim  who  has  been  administered  high  flow  oxy- 
gen along  with  obtainment  of  an  ABG.  After  intubation 
and  further  blood  gas  analysis,  ventilator  parameters  are 
initiated  and  adjusted  by  the  user,  and  the  patient  develops 
pneumonia  that  must  be  evaluated  and  treated.  As  the  sim- 
ulation develops,  the  patient  is  gradually  weaned  from  the 
ventilator  by  altering  the  mode  of  ventilation  as  well  as 
other  ventilator  parameters.  CAI  Software.  Requires 
Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL;9  — S65.00      •      Non  Member  S95.00 
Multi-Installation  Site  License  S65.00 

Meconium  Aspiration  Clinical  Simulation 

This  program  presents  a  c-section  delivery  patient  for  the 
user's  initial  assessment  and  evaluation  of  clinical  and  labora- 
tory tests,  including  UAC  sampling.  Meconium  aspiration  is 
suspected  and  the  user  is  asked  to  treat  the  progressive  ven- 
tilatory deterioration.  Then,  a  respiratory  crisis  occurs  that 
requires  manual  resuscitation  and  eventual  mechanical  venti- 
lation. The  user  then  pursues  the  evaluation  and  treatments 
of  persistent  fetal  circulation.  CAI  Software.  Requires 
Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL20  —  S65.00      •      Non  Member  S95.00 
Multi-Installation  Site  License  S65.00 


Smoke  Inhalation  Clinical  Assessment 

Presents  a  patient  who  was  found  unconscious  in  a  burning 
building  who  requires  initial  assessment  and  examination 
for  airway  management  and  initial  therapy.  In  addition  to 
the  burns  of  the  upper  airway,  carbon  monoxide  poisoning 
is  suspected  and  the  student  is  required  to  recommend 
appropriate  tests  and  suggest  a  course  of  treatment. 
Mechanical  ventilation  is  initiated  and  hemodynamic 
monitoring  results  are  made  available  for  interpretation 
and  to  guide  further  therapy,  CAI  Software.  Requires 
Windows  3.1  or  higher,  3.5"  floppy  PC  disk 
Item  PEL21  —  S65.00      •      Non  Member  S95.00 
Multi-Installation  Site  License  S65.00 

Deadspace  Computer-Assisted  Instruction 

The  program  begins  with  a  description  of  deadspace  includ- 
ing the  difference  between  anatomic  and  alveolar  dead- 
space,  calculations  of  alveolar  ventilation,  and  the  ratio  of 
deadspace  to  tidal  volume.  Also  deals  with  the  various  caus- 
es of,  and  increase  in  the  amount  of  deadspace.  Explains 
the  clinical  evaluation  and  measurement  of  deadspace  con- 
ditions and  the  various  techniques  to  assist  in  the  clinical 
detection,  assessment  and  treatment  of  deadspace  condi- 
tions. Includes  a  15-question  quiz.  CAI  Software.  Requires 
Windows  3.1  or  higher.  3.5"  floppy  PC  disk. 
Item  PEL22  —  S65.00      •      Non  Member  S95.00 
Multi-Installation  Site  License  S65.00 

Shunt  Computer-Assisted  Instruction 

This  program  defines  the  shunt  process  along  with 
several  diagrams  that  illustrate  the  concepts  of  anatomic 
and  alveolar  shunting.  It  also  describes  the  basic  causes  of 
an  increase  in  the  percent  of  shunt  and  its  clinical  diagnosis. 
Includes  the  formulas  for  the  calculation  of  the  percent  of 
shunt,  the  classic  shunt  equation,  several  shorter  equations, 
various  techniques  used  in  the  treatment  of  shunt  including 
the  use  of  PEEP  and  permissive  hypercapnea.  15-question 
quiz.  CAI  Software.  Requires  Windows  3.1  or  higher.  3.5" 
floppy  PC  disk. 

Item  PEL23  —  S65.00      •      Non  Member  S95.00 
Multi-Installation  Site  License  S65.00 


All  software  usually 
ships  in  1-2  days. 


Respiratory 
Therapist 

Spectrum  Healthcare  Resources, 
www.shrusa.com  has  an  On-Call/ 
Part  Time  opportunity  at  our  Naval 
Medical  Center  San  Diego.  Requires 
Level  3  nursery  experience  and 
current  BLS,NRR  and  CART 
License.  12  hour  night  shifts 
guaranteed.  Excellent  compensation! 
For  immediate  consideration  please 
call  Joyce  Hornaday  (619)  238-3609 
x20;  and  fax  or  email  resume  to 
(619)  238-3551, 
jhornaday@spectrumhealth.com 

EOE/AA 


NEW  lISP 


CULTURAL  COMPETENCE 

Learn  How  to  Provide  Better  Patient 
Care  For  Ail  Your  Patients 

This  iiSP  helps  you  understand  the 
impact  of  different  ethnic,  religious,  and 
cultural  backgrounds  on  the  delivery  of 
patient  care.  Presents  the  importance  of 
systematic  information  gathering  about 
the  literacy,  family  dynamics,  and  health 
beliefs  of  the  many  cultures  that 
populate  the  U.S.  individual  independent 
Study  Packet,  softcover  Book. 

ITEM  CP2-A1 

$12.00  ($16.00  nonmembers) 
Add  $4.25  for  Shipping 
&  Handling. 

ORDER  ONLINE  AT: 

http://store.yahoo.com/aarc 

ORDER  BY  PHONE: 

(972)  243-2272   •   FAX  (972)  484-2720 
With  MasterCard,  Visa,  PC 


^ 


11030  Abies  Lane  •  Dallas,  TX  75229 

visit  www.aarc.org 
for  all  your  respiratory  Information  needs. 


Circle  105  on  product  information  cord 


THE  2000  BOUND 
VOLUME  OF 

Respiratory 
Care 

IS  NOW 
AVAILABLE 


Volume  45  IS  bound  in  o  blue-buckram  tovei  and  moy  be  imptinted,  tree 
of  charge,  with  youi  name  or  the  name  of  your  orgonizahon.  Each  volume 
Is  40  for  current  AARC  members  and  80  for  non-members.  Shipping  is  in- 
cluded for  US.  and  Conodion  residents. 

Available  for  a  limited  time,  older  bound  volumes  at  discounted  rates. 

ORDERS  MUST  U  PREPAID — INCLUDE  CHECK,  INSTITUTIOKAL 
PURCHASE  ORDER,  OR  VALID  CREDIT  CARD  NUMBER. 


D  2000  VOLUME  AT  M0/'80 
D  1999  VOLUME  ATMO/^80 
D  1998  VOLUME  AlMO/^80 
D  1997  VOLUME  AT  MO/^80 
D  1996  VOLUME  AT  M0/*80 


D  1995  VOLUME  AT ^35/^75 
D  1994  VOLUME  AT  ^35/75 
D  1993  VOLUME  AT  ^30/70 
D  1992  VOLUME  AT  ^30/^70 
n  1990  VOLUME  AT  ^30/70 


D    CHECK  D    PURCHASE  ORDER  D    VISA  D    MASTERCARD 


ixf-Wi 

Altr  WFMBEE  ' 

ADDRESS 

niy                                                                      SUK                rtP 

NtMf  10  IMPIIHI                                                                                           

DAEDALUS  ENTERPRISES  INC 
PO  SOU  79686    •   OJIUS  I»  75229    ■   r«X  [972]  484  2720 


Visit  our  online 

store  at 

http://www- 

aarc.org  where 

you  can  order  all 

your  respiratory 

educational  &l 
promotional 

Items,  including 

books,  audio 

cassettes, 
video-tapes, 

individual 

independent 

study  packets, 

and  computer 

software. 


Registered  Respiratory  Therapist 

Up  to  $5,000  Sign-on  Bonus! 

Heartland  Regional  Medical  Center  a  progressive 
24G  bed  Level  II  trauma  center  located  in  beautiful  St. 
Joseph,  MO,  and  recently  rated  as  a  Top  100  Hospital 
has  immediate  needs  for  high  quality  Registered 
Respiratory  Therapists  to  help  us  continue  our  excel 
lence  in  heahhcare.  We  require  an  AS  or  BS  from  an 
accredited  Respiratory  Therapy  program,  and  MO  RCP 
Licence  (or  ehgible).  Full  Time,  Part  Time  and  PRN  open- 
ings for  both  day  and  night  shifts  are  available  now! 

Come  enjoy  a  career  where  you  will  be  rewarded 
with  a  great  new  salary  scale,  sign-on  bonus,  moving 
expenses  (if  apphcable),  and  or  additional  compensa- 
tion for  education. 

We  offer  superior  career  potential  enhanced  by  family- 
friendly  benefits  which  include  Health  Dental  Vision 
after  30  days.  Vacation,  Sick  &  Hobday,  Tuition 
Reimbursement  for  continued 
education,  401  (k)  plan,  Sick 
childcare  and  more.  Apply  on- 
line today  at  www.Heartland- 
Health.com,  or  call  Jean  Rush, 
(800)443-1143,  X  7502. 
Email:  Jean.Rush@mail. 
Heartland-Health.com.  EOE 


Heartland  Health 


Circle  115  on  product  information  card 


The  Buyer's  Guide  contains  the  latest  information  on  companies  and  products  as  it 
is  updated  continually  throughout  the  year.  What's  more,  the  Buyer's  Guide  is  your 
source   for    information    about    new    product    releases.    There   are   three    main 
information    resources     the    Company    Directory     the    Equipment   and   Supplies 
Directory,  and  the  Trademarks/Brand  Names  Directory    The  product  information 
you  need  is  only  a  click  away  with  our  E-mail  and  URL  links. 

And.  there's  more  to  the  Ultimate  Online  Buyer's  Guide  One  click  at  the  Buyer's 
Guide  gives  you  unbiased  information  to  assist  you  in  selecting  the  products  you  are 
considenng  for  purchase  Access   "Clinical  Perspectives '  articles  from  AARC  Times 
and  peer-reviewed  articles  from  the  science  journal  Respiratory  Care    The  Buyer's 
Guide  IS  also  one  click  away  from  the  National  Library  of  Medicine-Free  Access  to 
Medline 

Your  Ultimate  Resource  for  Locating 
Respiratory  Product  Information 

The  AARC  Online 
BUYER'S  GUIDE 

The  AARC  Online  Buyer's  Guide  is  your  ultimate  resource  for 

VISIT  THE   BUYER'S  GUIDE  TODAY. 

^^S   http://buyersguide.aarc.org/ 

locating  product  information,  company  profiles  and  contacts, 
and  trademarks  and  brand  names. 

Learn  More  About 
Mechanical  Ventilation  from  the  Experts 

With  Professional  Education  Products  from  the  AARC. 


Does  the  "Machine  "  Make  a  Difference? 

Reviews  different  ventilators  and  modalities  available  to  respiratory  care  practi- 
tioners and  presents  information  on  their  impact  in  clinical  settings.  By  John  J. 
Marini,  MD.  40-min,  audiotape. 
Item  PAD86  $15.00  ($20.00  Nonmembers) 

Unconventional  Methods  for  Adult  Oxygenation  and  Ventilation  Support 

Provides  an  overview  of  new  and  experimental  techniques  for  adult  oxygena- 
tion and  ventilation  support.  Discusses  the  techniques,  theoretical  rationales, 
methods  of  application,  and  experimental  evidence  of  the  effectiveness  of  these 
unconventional  methods.  Featuring  James  K,  Stoller,  MD,  and  David  J.  Pierson, 
MD,  FAARC.  90-min.  videotape- 
Item  VC36  $49.95  ($99.00  Nonmembers) 

Pressure-Controlled  Ventilotion  (PCV):  Whofs  with  the  Pressure? 

Reviews  the  status  of  PCV  and  compares  the  pressure  and  flow  characteristics  to 
those  of  volume  ventilation.  Discusses  the  advantages  and  disadvantages  of  PCV 
in  specific  patient  populations.  By  Marshall  L.  Post,  BHS,  RRT.  40-min.  audiotape. 
Item  PAD729  $15.00  ($20.00  Nonmembers) 

Mechanical  Ventilation:  The  Next  50  Years 

Discusses  the  developments  that  are  likely  to  occur  over  the  next  50  years  to  address 
some  of  the  issues  of  mechanical  ventilation;  more  responsive  valving  systems  with 
feedback  loops,  non-convective  flow  technology,  pharmacologic  adjustments,  and 
more  cost-efficient  equipment.  By  Neil  Maclntyre,  MD,  FAARC.  40-min.  audiotape. 
Item  PAD752  $15.00  ($20.00  Nonmembers) 

The  Practice  of  Routine  Ventilator  Checks 

Reviews  the  routine  checking  and  documenting  of  mechanical  ventilator  functional- 
ity. Discusses  the  theoretical  foundations  for  checking;  details  the  regulatory  and  legal 
issues  surrounding  ventilator  checks;  and  challenges  some  of  the  assumptions  about 
routine  ventilator  checks.  By  John  V^  Salyer,  RRT,  FAARC.  40-min.  audiotape. 
Item  PAD753  $15.00  ($20.00  Nonmembers) 

Ventilator-Associated  Pneumonia  (VAP):  Pathogenesis  and  Risk  Factors 

This  lecture  discusses  hospital-acquired  infection,  specifically  ventilator-associ- 
ated pneumonia  and  its  pathogenesis  and  risk  factors.  Demonstrates  its  occur- 
rence as  on  independent  determinant  of  mortality  for  critically  ill  patients  requir- 
ing mechanical  ventilation.  By  Marin  ff.  Kollef,  MD.  40-min.  audiotape. 
Item  PAD789  $15.00  ($20.00  Nonmembers) 

The  Prevention  of  Ventilator-Associated  Pneumonia  (VAP)   in  the  Year  2000 

This  lecture  reviews  new  management  strategies  and  the  essential  aspects  of  the 
pathogenesis  of  VAP,  and  the  risk  factors  that  predispose  this  infection.  Clinical 
resources  aimed  at  preventing  the  occurrence  of  VAP  are  also  discussed.  By 
Marin  H.  Kollef,  MD.  40-min.  audiotape 
Item  PAD790  $15.00  ($20.00  Nonmembers) 

Classification  of  Mechanical  Ventilators  I 

Outlines  the  basic  concepts  of  ventilator  classification  and  a  mathematical  model  of 
the  respiratory  system  that  provides  the  basis  for  classifying  ventilator  control  systems. 
Also  teaches  the  specific  criteria  for  determining  whether  a  ventilator  primarily  con- 
trols pressure,  volume,  or  flow.  Individual  Independent  Study  Package.  Softcover  book. 
Item  CS18  $12.00  ($16.00  Nonmembers) 

Classification  of  Mechanical  Ventilators  II 

You  will  learn  detailed  information  about  the  control  of  ventilation  in  terms  of 
switching  from  inspiration  to  expiration.  You  will  also  be  introduced  to  the  com- 
mon drive  mechanisms  used  in  various  mechanical  devices.  Individual  Inde- 
pendent Study  Package.  Softcover  book. 
Item  CS19  $12.00  ($16.00  Nonmembers) 

Classification  of  Mechanical  Ventilators  III 

Explores  the  output  waveforms  that  ventilators  produce  and  their  clinical  impli- 
cations. Instructs  in  the  various  modes  of  ventilation  in  terms  of  the  specific  com- 


bmotions  of  control  characteristics  along  with  ventilator  performance  testing  and 
the  proctical  application  of  ventilator  classification.  Individual  Independent  Study 
Package.  Softcover  book. 
Item  CS20  $12.00  ($16.00  Nonmembers) 

Measurement  of  Static  Compliances  and  Dynamic  Characteristics  Curves 
During  Mechanical  Ventilation 

Learn  how  to  compute  and  record  static  compliance  curves  and  dynamic  char- 
acteristics. Also  learn  the  procedure  of  obtaining  pressure-volume  measurements 
and  interpret  the  compliance  characteristics  measurements.  Individual  Indepen- 
dent Study  Package.  Softcover  book 
Item  PE9  $12.00  ($16.00  Nonmembers) 

Coll  (972)  406-4663  or  Fax  to  (972)  484-2720  with  MasterCard,  Visa,  or  Pur- 
chase Order  Number 

Order  Coupon 


charge  to  my  "^  Visa  '_.  MasterCard     Cord  expires . 
Cord  # 


Signature 

Payment  enclosed  $_ 


Charge  to  Purchase  Order  # 


AARC  Member  # . 
Nome/Institution  _ 
Address 


City/State/Zip 

Valid  AARC  Member  Number  required  for  member  prices.  Prices  are  subject  to 
change  without  notice.  Texas  Customers  Only  -  Please  add  8.25%  sales  tax.  Texas 
exempt  customers  must  attach  exemption  certificate. 


Item# 

Description 

Quantity 

Amount 

Item  Subtotal 

Shipping 

Subtotal 

Tx  Sales  Tax 

Total 

Shipping  and  Handung  Fees 


Order  Total 

Ground 

AK.HI.PR 

Inter  notional 

S15  or  les! 

$4.25 

$1225 

$39.50- 

S15  01lo$25 

$5.25 

$14.50 

$44  00- 

S25  01  to  $40 

$6  25 

$17  00 

$48  25- 

$40  01  to  $60 

$7  25 

$19.25 

$52  50- 

$60  01  to  $80 

$8.25 

$21.50 

$57.00- 

$80  01  to  $100 

$9  25 

$25  00 

$6550- 

$100  01  to  $150 

$1025 

$3075 

$7425- 

$150  01  to  $200 

$1225 

$3300 

$78  50* 

$200  01  to  $250 

$14.25 

$39  00 

$86.50- 

$250  01  to  $300 

$1625 

$44.00 

$9575- 

$300  01  and  up 

$1825 

$58  50 

$11425- 

$400  or  more 

$2025 

$64  50 

$119  25- 

"blernalional  orders  requ 

re  on  oddilionol  $15  for  customs 

brokeroge  fee 

Mail  to:  AARC,  1 1030  Abies  Lane,  Dallos,  TX  75229-4593 
(972)  243-2272  •  FAX  (972)  484-2720 

Visilwww.oarc.org  for  all  your  respirotory  information  needs. 
For  other  products  visit  www.aarc.org/proFessional  resources/keys/ 


Respiratory  Care  •  Open  Forum  2002 
48th  International  Rhspiratory  congress  •  Tampa,  Florida  U.S.A. 


The  Aniciican  Association  tor  Respiratory  Care  and  its  sci- 
ence journal.  Ri:si'iRAl()R\  Cari:,  invite  submission  of  brief  ab- 
stracts related  to  any  aspect  of  cardiorespiratory  care.  The  ab- 
stracts will  be  reviewed,  and  selected  authors  will  be  invited  to 
present  posters  at  the  OPEN  FORLM  during  the  AARC 
International  Respiratory  Congress  in  Tanipa.  Florida.  October 
5-8.  2002.  Accepted  abstracts  will  be  published  in  the  August 
2002  issue  of  Resi>ira TORY  Care.  Membership  in  the  AARC  is 
not  required  for  participation.  .^11  accepted  abstracts  are  automat- 
ically considered  for  .ARCF  research  grants. 

.SPECIFICATIONS— RFAD  CARI  FILLY! 

.•\n  abstract  may  report  (1)  an  original  study,  (2)  the  evalua- 
tion of  a  method,  device  or  protocol,  or  (3)  a  case  or  case  .sc- 
ries. Topics  ma\  be  aspects  of  adult  acute  care,  continuing 
care/rehabilitation,  perinatology/pediatrics,  cardiopulmonary 
technology,  or  health  care  delivery.  The  abstract  may  have  been 
presented  previously  at  a  local  or  regional — but  not  national — 
meeting  and  should  not  ha\e  been  published  previously  in  a  na- 
tional journal.  The  abstract  will  be  the  only  evidence  by  which 
the  reviewers  can  decide  whether  the  author  should  he  in\  itcd  to 
present  a  poster  at  the  OPEN  FoRl'M.  Therefore,  ihi-  ahsirinl  must 
provide  all  iinporiani  data,  findings,  and  conclusions.  Give  spe- 
cific information.  Do  not  write  such  general  statements  as 
"Results  will  be  presented"  or  "Significance  will  be  discussed." 

ESSENTIAL  CONTENT  ELEMENTS 

Original  study.  Abstract  must  include  (  I )  Background:  state- 
ment i)f  research  problem,  question,  or  hypothesis;  (2)  Method: 
description  of  research  design  and  conduct  in  sufficient  detail  to 
permit  judgment  of  validity:  (3)  Results:  statement  of  research 
findings  with  quantitative  data  and  statistical  analysis;  (4) 
Conclusions:  interpretation  of  the  meaning  of  the  results. 

.Method,  device,  or  protocal  valuation.  Abstract  must  in- 
clude ( 1 1  Background:  identification  of  the  method,  device,  or 
protocol  and  its  intended  function;  (2)  Method:  description  of  the 
evaluation  in  sufficient  detail  to  permit  judgment  of  its  objectivi- 
ty and  validity;  O)  Results:  findings  of  the  evaluation:  (4) 
Experience:  summary  of  the  author's  practical  experience  or  a 
lack  of  experience;  (5)  Conclusions:  interpretation  of  the  evalua- 
tion and  experience.  Cost  comparisons  should  be  included  where 
possible  and  appropriate. 

Case  report.  Abstract  must  report  a  case  that  is  uncommon  or 
of  exceptional  educational  value  and  must  include  (I) 
Introduction:  relevant  basic  information  important  to  under- 
standing the  case.  (2)  Case  Summary:  patient  data  and  response, 
details  of  interventions.  (3)  Discussion:  content  should  reflect  re- 
sults of  literature  review.  The  author(s)  should  have  been  actively 
involved  in  the  case  and  a  case-managing  physician  must  be  a  co- 
author or  nuisl  ,ippni\c  the  rcporl 


submit  your  Open  Forum  abstract  electronically 

,   visitwww.rcjournal.com  , 


FORMM    \M)  IM'INt;  INSIKI  (ITONS 

Accepted  abstracts  \m11  be  photographed  and  reduced  b\  40"^^: 
therefore,  the  si/e  of  the  original  text  should  be  at  least  10  points.  A 
font  like  Helvetica  or  Times  makes  the  clearest  reproduction.  The 
first  line  of  the  abstract  should  be  the  title  in  all  capital  letters.  Title 
should  explain  content,  lolkw  title  with  names  ot  all  authors  (in- 
cluding credentials!,  msutuiiontsi.  and  location;  underline  presen- 
ter's name.  Type  or  electronically  print  the  abstract  single  spaced  in 
one  paragraph  on  a  clean  sheet  of  paper,  using  margins  set  so  that 
the  abstract  will  fit  into  a  ho.x  no  bigger  than  18.8  cm  (7.4")  by  13.9 
cm  (5.5").  as  .shown  on  the  reverse  of  this  page.  Insert  only  one  let- 
ter space  between  sentences.  Text  submission  on  diskette  is  allowed 
but  must  be  accompanied  by  a  hard  copy.  Data  may  he  submitted  in 
table  form,  and  simple  figures  may  be  included  provided  they  fit 
within  the  space  allotted.  No  figure,  illustration,  or  table  is  to  be  at- 
tached III  the  abstract  fomi.  Provide  all  author  information  request- 
ed. Standard  abbreviations  may  be  emploved  w ithout  explanation; 
new  or  infrequently  used  abbreviations  should  be  spelled  out  on 
first  use.  Any  recurring  phrase  or  expression  may  be  abbreviated,  if 
it  is  first  explained.  Check  the  abstract  for  ( 1 1  errors  in  spelling. 
grammar,  facts,  and  figures;  (2)  clarity  of  language:  and  (3)  confor- 
mance to  these  specifications.  .\n  abstract  not  prepared  as  requested 
may  not  be  reviewed.  Questions  about  abstract  preparation  ma_\  be 
telephoned  to  Linda  Barcus  at  (972 1  406-4667. 

ELECTRONIC  SL  EMISSION 

We  encourage  electronic  submission.  Send  all  submissions  to  bar- 
cus@aarc.org.  They  will  be  acknowledged  immediately  via  return  e- 
mail.  Mailed  confmiiation  copies  are  not  necessary,  except  that  we 
ask  you  to  fax  a  hard  copy  of  your  abstract  so  we  can  check  it  for  ac- 
curacv  against  the  electronic  version.  The  fax  number  is  972-484- 
6010  (marked  to  the  attention  of  Linda  Barcus).  Paper  size  should  be 
8.5"  X  11 "  (approx  2 1  x  28  cm),  w  ith  all  4  iiKirgins  set  to  1 .5"  (approx 
4  cm).  Figures  &  Tables.  Save  the  text  portion  of  your  abstract  in  a 
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rections. Accepted  manuscripts  ;u'e  copy -edited  for  clarity,  concision, 
and  consistency  with  RESPIRATORY  Care"s  format.  Published 
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where v\  ithout  permission.  Editorial  consultation  is  available  at  any 
stage  of  planning  or  writing:  contact  the  Editorial  Office,  600  Ninth 
Avenue.  Suite  702.  Seattle  WA  98104.  (206)  223-055S.  fax  (206) 
223-0563,  E-mail:  rcjouinal@aarc.org 
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Research  .Article:  A  report  of  an  original  investigation  (a  study).  Must 
Miclude:  Title  Page.  Abstract.  Key  Words.  Introduction.  Methods. 
Results,  Discussion.  Conclusions,  and  References.  May  also  include: 
Tables.  Figures  (if  so.  must  include  Figure  Legends).  Acknowledg- 
ments, and  Append), \es. 

Review:  A  comprehensive,  critical  review  of  the  literature  and  state- 
of-the-art  summary  of  a  topic  that  has  been  the  subject  of  at  least  40 
published  research  articles.  Must  include:  Title  Page,  Outline. 
.Abstract.  Key  Words.  Introduction.  Review  of  the  Literature.  Sum- 
mary.  and  References.  May  also  include:  Tables.  Figures  (if  so.  must 
include  Figure  Legends).  Acknowledgments,  and  Appendixes. 

Overview:  .\  critical  ie\  ievv  of  a  pcilmcnl  topic  that  has  fewer  than 
40  published  research  articles.  Same  structure  as  Re\  iew  .Article. 

I  pdate:  .A  rejiort  of  subsequent  developments  in  a  topic  that  has  Iven 
critically  reviewed  in  RESPIR.atoR'i  Cari:  or  elsew  here.  Same  struc- 
ture as  a  Review  .Article. 

Special  Article:  A  pertinent  paper  not  fitting  one  of  the  other  cate- 
gories. Consult  with  the  Editor  before  w riting  or  submitting  such  a 
paper. 

I'xlilorial:  A  paper  addressing  an  issue  in  the  practice  or  administration 
o'i  respiratory  care.  It  may  present  an  opposing  opinion,  clarify  a  posi- 
tion, or  bring  a  problem  into  focus. 

I.elltT:  .A  brief,  signed  communication  responding  to  an  item  pub- 
lished in  Rl.SPIRAIOR'i  CaRI-.  or  about  other  pertinent  topics. 
Tables.  Figures,  and  References  may  be  inckuled.  The  letter  should 
be  marked  "For  Publication." 


Case  Report:  Report  of  an  uncommon  clinical  case  or  a  new  or 
improved  mclhoil  of  m;magemeiit  or  treatment.  A  case-m;inaging  physi- 
cian must  either  be  ;in  author  or  furnish  a  letter  approv  ing  the  manuscript. 
Must  include:  Title  Page.  Abstract.  Key  Words.  Introduction.  Case 
Sumniiiry.  Discussion,  and  References.  May  also  include:  Tables.  Fig- 
ures (if  so.  must  include  Figure  Legends),  and  Acknowledgments. 

l'oinl-()l-\  iew :  A  paper  expressing  personal  but  substantiated  opinions 
on  a  ivinmcnt  topic.  Must  include:  Title  Page.  Text,  and  References.  May 
also  include:  Tables  and  Figures  (if  so.  must  include  Figure  Legends). 

Dnij;  Cap.sule:  .A  miniature  review  paper  about  a  drug  orcla.vs  of  drugs. 
Drag  Capsules  address  ph;irmacology.  phiimiacokinetics.  and/or  phar- 
macotherapy. 

Gniphics  Comer:  .A  brief,  instructive  ca.se  report  discussing  and  illus- 
trating wa\eforms  for  monitoring  or  diagnosis.  Must  include:  Ques- 
tions. .Ansv\ers.  and  Discussion. 

PFT  Corner:  .A  brief,  instractiv  e  ca.se  report  arising  from  pulmonary 
function  testing,  accompanied  by  a  review  of  the  relevant  physiolo- 
gy and  appropriate  references  to  the  literature.  Must  include:  Ques- 
tions. Answers,  and  Discussion. 

Te.st  Your  Radiologic  Skill:  A  brief.  instn.icti\e  case  report  pertinent 
torespiiatoiy  cue  and  iinoKing  imaging,  including  one  or  more  radio- 
graphs or  other  images  submitted  as  black  and  white  glossy  photographs 
that  clearly  illu.strate  the  teaching  points  being  made.  Must  include: 
Questions.  Answers,  and  Discussion. 

Preparing  the  Manuscript 

Double-space  the  tevt  and  number  the  pages.  Do  inn  include  author 
names,  author  institutional  affiliations,  or  allusions  to  institutional  affil- 
iations anywhere  except  on  the  title  page.  On  the  Abstract  page  include 
the  title  but  do  not  include  author  names.  Begin  each  of  the  follow- 
ing on  a  new  page:  Title  Page.  .Abstract.  Text.  .Acknow  ledgnienls.  Ref- 
erences, each  Table,  each  Figure,  and  each  Appendix.  L'se  standard 
English  in  the  first  person  and  active  voice.  Type  all  headings  in  ini- 
tial-capital letters  (eg.  Introduction.  Methods.  Patients.  Equipment, 
Statistical  Analysis,  Results.  Discussion).  Center  the  main  section  head- 
ings and  place  second-level  headings  on  the  left  margin. 

.\bstract.  Please  ensure  that  the  abstract  does  not  contain  any  facts 
or  conclusions  that  do  not  also  appe;u  in  the  txidy  text.  Limit  tlie  abstnict 

to  no  more  lli.in  2.^0  woids. 

key  Words  liKliidc  a  list  of  6  to  10  key  words  or  key  phrases  in 
Research  Articles.  Review  s.  Overv  lews.  Special  .Articles,  and  Case 
Rep<irts.  Key  words  arv  best  selected  Irom  the  Medical  Subjcvt  Head- 
ings (MeSH)  used  by  MEDLINE  and  available  at  lmp://w\\'w.ntm.nih. 
gov/nu'sli/nushluiiiu'.hliiil. 
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RcfiTi-nccs.  Assi>;n  rct'civiKV  niinihcrs  m  ilic  oidcr  lli;il  .iHilIcs  are 
citcil  Ml  \niii-  iiianu'Ncripl.  Al  ihc  end  cil'lhc  mcimiscript.  list  the  cited 
uorks  111  minicrical  iirder.  Abbiev  ialc  joumal  names  as  in  Index  Medi- 
ais.  List  all  authors.  If  the  research  has  not  yet  been  accepted  for  pub- 
lication, cite  the  research  as  a  personal  communication  (eg. 
Smith  KR.  personal  communication.  2(K)1 );  lumwci:  yon  iiinsi  ohuiin 
writwn  penuission  from  the  author  to  cite  his  or  her  iinpiihlishcJ  data. 
Do  not  number  such  references;  instead,  make  parenthetical  reference 
in  the  body  text  of  your  manuscript.  H.xample:  ■'Recently.  Jones  et  al 
found  this  treatment  effective  in  4.S  of  S.^  patients  (.lones  HI.  personal 
communication.  2000)." 

rill  following  exaiiipiis  show  RKSPIRATORV  C ARE's  .style 
lor  ri'lVrence.s. 

Paper  accepted  but  not  yet  published: 

Hess  D.  New  therapies  for  asthma.  Respir  Care  (year,  in  press). 

Article  in  a  joumal  carrying  pagination  throughout  the  volume: 
Leszere  BM.  Kavuru  MS.     Pulmonary  function  in  obesity. 
Respir  Care  2()()():4.'=i(S):%7-968. 

Article  in  a  publication  thai  nunilx-rs  each  issue  beginning  with  Page  I : 
Kallstrom  TJ.  Focus  on  asthma — disease  management:  a  role  for 
the  respiratory  therapist.  AARC  Times  1999;23(Oct):16.  17.  19. 

Corporate  author  joumal  article: 

American  Association  for  Respiratory  Care.  Clinical  Practice 
Guideline.  Removal  of  the  endotracheal  tube.  Respir  Care 
1999:44(l):S.S-90, 

Article  in  joumal  supplement:  (Joumals  differ  in  numbering  and  iden- 
tifying supplements.  Supply  infomiation  sufficient  to  allow  retiieval. ) 
Barnes  PJ.  Endogenous  inhibitory  mechanisms  in  asthma.    Am 
J  Respir  Crit  Care  Med  2()0();  1 6 1  ( .^  Pt  2 ):S  1 76-S 181. 

Abstract  in  journal:  (. Abstracts  citations  are  to  be  avoided,  and  those 

more  than  3  years  old  should  not  be  cited. ) 

Volsko  TA.  De  Fiore  .1.  Chalbum  RL.  Acapella  \  s  flutter:  per- 
fomiance  comparison  (abstract).  Respir  Care  21)(10:4.'i(8):99l. 

Editorial  in  a  joumal: 

Giordano  SP.  What's  that  sound.'  (editorial)  Respir  Care 
2(K)0.45(10):1 167-1  If*. 

Editorial  with  no  author  given: 

The  perils  of  paediatric  research  (editorial).  Lancet 
1 999:353(9 154):685. 

Letter  in  journal: 

Piper  SD.  Testing  conditions  for  nehuli/ers  (letter).  Respir  Care 
:0(K);4.S(8):971. 

Book:  (For  an>'  book,  specific  pages  should  be  cited  whenever  ref- 
erence is  made  to  specific  statements  or  other  content.) 

Cairo  JM.  Pilbeam  SP.  Mosby's  respiratory  care  equipment,  dth 

ed.  St  Louis:  Mosbv:  1999:76-85. 


Corporate  aullior  hook: 

.■\merican  Medical  Association  Department  of  Drugs.  MAK 
drug  evaluations.  3rd  ed.  Littleton  CO:  Publishing  Sciences 
Group;  1977. 

Chapter  in  book  with  ediloris): 

IsonoS.  Upper  airway  muscle  function  during  sleep.  In:  Lough- 
lin  CiM.  Carroll  JL.  Marcus  CL.  editors.  Sleep  and  breathing  in 
children:  a  developmental  approach.  (Lung  Biology  in  Health  and 
Disease.  Vol  147,  Claude  Lcnfant.  Executive  Editor.)  New 
York/Basel:  Marcel  Dekker;  2()()():261-29l. 

World  Wide  Web 

American  Lung  Association.  Trends  in  pneumonia,  intluen/a.  and 
acute  respiratory  conditions  mortality  and  morbidity.  February.  2(XX). 
http:/Av\\w. lungusa.org/data.  Accessed  November  20.  2(K)0. 

Tables.  Tables  should  be  consecutively  numbered.  At  the  bottom 
of  the  table  define  and/or  explain  all  abbreviations  and  symbols  used 
in  the  table.  For  footnotes  use  the  following  symbols,  superscripted, 
in  the  table  body,  in  the  following  order:  *.  t.  i,  !}.  ||.  f .  **.  tt.  If 
data  include  a  "±'  value,  please  indicate  whether  the  value  is  a  stan- 
dard deviation  or  standard  error  of  the  mean. 

Figures  (illustrations).  Figures  include  graphs,  line  drawings,  pho- 
tographs, and  radiographs.  All  figures  should  be  sharp  black-and- 
white  images  and  he  camera-ready.  Glossy  prints  are  preferred,  but 
a  good  laser  print  will  do.  Use  only  illustrations  that  clarity  and  aug- 
ment the  text.  Radiographs  should  clearly  illustrate  the  point  being 
made  and  should  be  submitted  as  black-and-white  glossy  photographs. 
If  color  is  essential  to  the  figure,  consult  the  Editorial  Office  for 
more  information.  In  reports  of  animal  experiments,  use  schemat- 
ic drawings,  not  photographs.  A  letter  of  consent  must  accompa- 
ii\  any  photograph  of  an  identifiable  person.  Number  figures  con- 
secutively as  Figure  1.  Figure  2.  etc.  All  the  figures  must  be  mentioned 
in  the  text.  E\ery  figure  must  have  a  legend  (a  title  and/or  descrip- 
tion explaining  the  figure).  Figure  legends  should  appear  as  sep- 
arate paragraphs  at  the  end  of  the  manuscript  (after  the  References 
section ).  in  the  same  computer  file  as  the  manuscript  (not  in  a  sep- 
arate file,  as  with  the  tables  and  figures). 

Do  not  create  scanned  \  ersions  of  figures  borrow  ed  from  other  pub- 
lications;  clear  photocopies  are  preferable.  To  include  figures  pre- 
viously published  in  other  publications  \ou  must  obtain  permission 
from  the  original  copyright  holder.  Figures  must  be  of  professional 
quality  and  a  copy  of  the  article  from  which  the  figure  came  should 
be  available. 

Drugs.  Precisely  identify  all  dmgs  and  chemicals  used,  giving  gener- 
ic (nonproprietary)  names,  doses,  and  methods  of  administration. 
Brand  or  iradc  names  may  be  given  in  parentheses  afier  generic 
names. 

Coninu'rcial  Products.  In  the  text,  parenthetically  identify  com- 
mercial products  onl_\  on  first  mention.  gi\  ing  the  manutacturer's 
name  and  localion.  Example:  "We  pcrfonned  spiromeur  (1085  Sys- 
tem. Medical  Graphics.  Minneapolis.  Minnesota)."  Provide  model 
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niimbci>  il' available,  and  manulactiirer's  siiggcMcd  pin.c  il  llic  -sliiJ> 
has  cosl  impllcalkiiis. 

Permissions:  Ww  inu'-l  ohiaui  u  nlicii  permission  lo  use  pietiires 
of  identifiahle  indiv  idiiaK  or  lo  name  indi\  idiials  in  Ihe  Aeknow  1- 
edgments  seelion.  \ou  miisl  obtain  vviilten  permission  from  ihe 
original  copyright  holder  to  use  figures  or  tables  from  other  pub- 
lieations.  Copies  of  all  applicable  permissions  must  be  on  file  at 
RliSlMRATORV  CarIi  before  a  manuscript  goes  to  press.  Copyright 
is  most  often  held  by  the  journal  or  book  in  which  the  figure  or  table 
originally  appeared  and  applies  to  the  creativity,  style,  and  form 
in  which  the  facts/data  are  presented  to  the  reader:  the  tacts  them- 
sehes  are  not  cop\ rigln-protectable.  Therefoiv.  pennission  is  ret|iiired 
to  reproduce  a  table  or  figure  directly,  or  with  minor  adaptations. 
from  a  journal  or  book,  but  permission  is  not  required  if  data  are 
e\tracted  and  presented  in  a  new  format.  In  that  case,  cite  the  source 
of  the  data  as  in  the  following  example:  "Adapted  from  Reference 
23." 

Ethics.  When  reporting  experiments  on  hum;in  subjects,  indicate  that 
procedures  were  conducted  in  accordance  w  ith  Ihe  ethical  standards 
of  the  World  Medical  Associarion  DeclaniUdii  of  Helsinki  {sec  Respir 
Care  1997:42(6):635-636;  also  available  at  lntp:/A\\\w.\\mii.netk'/ 
1 7-c_einiraiiiajihnitinhi'riiifi.html)  or  of  the  institution's  committee 
on  human  experimentation.  State  that  informed  consent  was 
obtained.  Do  not  use  patients'  names,  initials,  or  hospital  numbers  in 
text  or  illustrations.  When  reporting  experiinents  on  animals,  indicate 
that  the  institution's  polic\ .  a  national  guideline,  or  a  law  on  the  care 
and  use  o\  laboratory  animals  was  followed. 

Statistics.  Idcntifv  the  statistical  tests  used  in  analysing  the  data  and 
give  the  prospectively  delennined  level  of  significance  in  the  Meth- 
ods section.  Report  p  values  in  the  Results  section.  Cite  only  textbook 
and  published  article  references  to  support  choices  of  tests.  Paren- 
thcticallv  identitv  an\  computer  programs  used.  If  data  include  a  "±' 
\  ;ilue.  please  indic;ite  w  hethcr  tlie  v  alue  is  a  stantlard  dev  ialion  or  stan- 
dard error  of  Ihe  mean. 

Units  of  Measurement  Express  all  measuiemcnis  in  SI  {Snlciiic  liiivi- 
luiiionale)  units  (units  and  conversion  factors  listed  at  Respir  Care 
1 997:421 6):640  and  also  available  at  http://\v\v\\.rcjoiinuilx(mi/ 
aiiiluirj-iiide/.  Show  gas  pressures  (including  blood  gas  tensions)  in 
millimeters  of  mercuiy  (mm  Hg). 

Conflict  of  Interest.  On  Ihe  cover  page,  authors  must  disclose  any 
liaison  or  financial  arrangement  they  have  with  a  manufaclurer  or 
distributor  whose  product  is  addressed  in  Ihe  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  Such  arrange- 
ments do  not  disqualify  a  paper  from  consideration  and  are  not  dis- 
closed lo  rev  iewers.  Reviewers  are  screened  for  possible  conllict  ot 
interest. 

.\l)l)re\iali(>ns  and  SMiibols.  I \e  the  standard  abbreviations  and 
symbols  listed  at  Respir  Care  l997:42(6):637-642  (also  available 
at  hiiiK//K\i.w.i\joitnud.com/(iutlu>i_i>iiide/).  Do  not  create  new 
abbreviations.  Do  not  use  abbreviations  in  the  title  or  section  head- 
ings and  do  not  use  unusual  abbreviations  in  Ihe  abstract.  Use  an 


abbreviation  only  if  the  term  occurs  4  or  more  limes  in  the  paper. 
Parenthetically  define  idl  abbreviations:  write  out  the  full  term  on 
first  mention,  followed  by  the  abbreviation  in  parentheses. 
Example:  chronic  obstructive  pulmonary  disease  (COPD).  There- 
after use  only  Ihe  abbreviation.  Standard  units  of  ineasurement  and 
scientific  terms  can  b>e  abbreviated  without  explanation  (eg.  L/min. 
mm  Mg.  pH.  O;). 

Please  use  the  follow  ing  forms:  cm  H;0  (not  cmH20).  f  (not  bpm). 
Linot  ll.  L/min  (nol  l.PM.  l/min.  or  1pm).  ml- (not  ml),  mm  Hgtnot 
mmllg).  pi  1  (not  Ph  or  PR).  p>().(X)l  (not  p><).0(Jl).  s(notsec).  Sp(j; 
(arterial  oxvgcn  satuiiition  measured  v  ia  pulsc-oximeiry). 

Prior  and  Duplicate  Publieution.  In  general,  do  not  submit  work  that 
has  been  published  or  accepted  elsewhere,  though  in  special 
instances  the  Editor  may  consider  such  material  if  the  onginal  pub- 
lisher grants  permission.  Please  consult  the  Editor  before  submitting 

such  work. 

.Authorship.  All  persons  listed  as  authors  must  have  participated  in 
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ACTIVE  MEMBER 

ihe  livoi  in  the  US  or  its  teffifonei  or  woi  an  Active  ^Aembef 

..'loi  tc  movina  ouijiJc  iii  bordeti  Of  tetntones,  and  meets  ONE  of  the  following  cnieno  (M 
.  legally  creaentioled  os  o  respiratory  care  professional  if  employed  m  o  state  thot 

■jnjjrt-!.  suifi    OR  [D  ••>  a  qradua'c  of  an  occrediied  educational  program  m  respirotory 

ASSOCIATE  OR  SPECIAL  MEMBER 

■idiv.djuli  -.vho  hulJ  u  portion  fL'lij!cd  'o  'eip"atery  care  but  do  not  meet  the  requirements 
.(  Active  Member  sholl  be  Assocroie  Members  They  hove  oil  the  rights  and  benefits  of  the 
Assoctotion  except  to  hold  office,  vote,  or  serve  as  choir  of  a  sionding  committee  The 
'ollowmg  subclasses  of  Associole  Membership  ore  ovoilable  Foreign,  Physician,  ond 
Industrial  (ind'viduols  whose  pftmory  occupation  is  directly  or  indirectly  devoted  to  the 
'  jnjfjciure  iole  o'  di'Jfibution  of  respiratory  core  equipment  or  supplies)  Special 
■.•,  ■  .,     •  rtj  m  Q  respirotory  core-reioted  field 

STUDENT  MEMBER 

ijiv.duali  will  be  claiiii'ed  as  Sludenr  Members  if  they  meet  all  the  requiremenls  tor 
Associate  Membership  ond  ore  enrolled  in  on  educational  program  in  respiratory  core 
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SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Core 
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above,  tfien  complete  the  form.  All  information  requested  must  be 
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Educational  Institution 
U  DME/HME 
D   Home  Health  Agency 
n  Hospital/Acute  Care 
n   Other,  specify 


11  Manufacturer  or  supplier 

l1  Outpatient  Clinic 

1_  Physician  office 

D  Skilled  Nursing  Facility 
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RN 
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C  LVN/LPN 

r  CPFT 
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Membership  Fees 

Payment  must  accompany  your  application  to  the  AARC.  Fees  are 
for  12  months.  These  fees  contain  the  $12.50  new  members 
processing  fee.  Renewing  members  (except  students]  can  deduct 
$12.50. 

CHOOSE  ONE  LEVEL  OF  MEMBERSHIP 

1  .   AARC  REGULAR  MEMBERSHIP  (Receive  both  AARC  Times  and 

Respiratory  Core  journal) 
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D   Associate  (Foreign)  $102,50 
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n  Student  $45.00 
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D  Associate  (Industrial  or  Physician]  $122.50 

n  Associate  (Foreign)  $162.50 

D  Special  $122.50 
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the  specialty  programming  at  the  national  AARC  meetings. 
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$15.00 
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$15.00 
$20.00 
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abide  by  its  bylaws  and  professional  code  of  elfiics.  1  authorize  investigation  of 
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There  is  no  charge  lor  these  lislings.  Send  descnpltve  release  and  glossy  black  and  while  photographs 

to  RHSPIRATORY  CARE,  Ncw  Products  &  Ser\'ices  Dept.  1 1030  Abies  Unc.  Dallas  TX  7.S229-4593. 

The  Reader  Sen  tee  Card  can  be  found  al  (he  back  of  ihc  Journal. 


New  Products 
&L  Services 


Cloth  AdhfsiM'  lapt.  3M''-'  Cknh  Ad- 
hcsnc  Tape  used  lor  securing  medical  de- 
vices and  immobiliation  support  now 
comes  latex  tree  with  higher  initial  adhe- 
sion, according  to  the  manufacturer.  3M 
claims  that  the  new  and  improved  hypoal- 
iergenic  tape  is  formulated  to  adhere  well 
to  dr>'  or  damp  skin  and  will  leave  less 
residue  on  the  patient's  skin.  They  further 
sa\  that  the  cloth  adhesive  tape  is  eco- 
nomical and  easy  to  use.  tearing  easily 
both  crosswise  and  lengthwise.  For  more 
information  from  3M.  circle  number  187 
on  the  reader  sen  ice  card  in  this  issue,  or 
send  your  request  electronically  via  "Ad- 
vertisers Online""  at  http;//www. aarc.org/ 
buvers  auide/ 


.^  *AccuNeb  ^ 

'^r  AccuNeb   */  '*' '  .T'!*'^.  „ 

0.63 rr^-  '    ..f" 


MbuliTol  Sulfate  liihalalion  Solution 
for  Pediatrics.  De>.  LP.  has  announced 
FD.A  approval  of  AccuNeb  (albuterol  sul- 
fate) inhalation  solution  for  patients  two 
to  12  years  of  age  with  asthma.  Accord- 
ing to  the  manufacturer.  AccuNeb  pro- 
vides the  first  pediatric-specitlc  albuterol 
preparation  to  the  US  market:  it  contains 
no  ben/alkonium  chloride  and  is  avail- 
able in  sterile  and  preservative-free  unit- 
dose  vials.  Dey  states  that  AccuNeb  com- 
plies with  the  National  .Xsthma  Kducation 


and  l're\ention  guidelines  for  pediatric 
asihnia  patients,  and  is  available  in  two 
concentrations:  1.2.'i  mg  and  0.6.^  mg  (po- 
tency expressed  as  albuterol,  equivalent 
to  1.5  mg  and  0.7.5  mg  albuterol  sulfate). 
For  more  information  from  Dey.  circle 
number  I8S  on  the  reader  service  card  in 
this  issue,  or  send  your  request  electroni- 
cally via  "Advertisers  Online""  at 
http://www.aarc.org/buyers_guidc/ 

K.Naluating  Protective  Devices  (lUide. 

FX'Rl  has  announced  the  availability  of 
Sharps  Safely  anil  Needlestick  Preven- 
tion, a  coniprehensi\e  new  guide  for  eval- 
uating and  selecting  protective  devices. 
This  new  resource  updates  and  expands 
on  the  2000  edition  of  ECRFs  Health 
Devices  Needlestick- Prevention  Device 
Selection  Guide.  According  to  ECRl. 
Sharps  Safety  and  Needlestick  Prevention 
features  comparative  evaluations,  includ- 
ing brand-name  ratings,  for  more  than  60 
currentl_\  available  ""safety""  devices  in  L^ 
different  product  groups,  including  never- 
before  published  evaluations  of  .34  new 
devices.  For  more  information  from 
ECRI.  circle  number  1X9  on  the  reader 
service  card  in  this  issue,  or  send  your  re- 
quest electronically  via  "Advertisers  On- 
line" at  http://w\vw  .aarc.org/buyers_ 
guide/ 


Klcclronic  ()\_>ueii  t'onscrvcr.  Chad 
Therapeutics  Inc  announces  the  introduc- 
tion of  its  new  SEQUOIA  OXYMATIC 
electronic  oxygen  conserver,  available  in 
two  models:  the  SEQUOIA  .302  AND 
311.  The  SEQUOIA  conservcrs  offer  the 
same  electronic  technology  found  in  the 
OX'^NtATlC  400  Series  conservcrs.  but 


without  a  built-in  regulator,  according  to 
the  inanulacturer.  The  tnanufaclurer  also 
says  that  the  model  302  and  3 1  1  con- 
servers  provide  the  same  choice  between 
alternate  breath  and  every  breath  technol- 
ogy, along  with  other  features  of  the  4(X) 
Series — including  expanded  How  rates  to 
6  L/m.  increased  shot  sizes  to  service  a 
wider  segment  of  the  home  oxygen  pa- 
tient population,  utilize  standard  supply 
tubing  and  cannula  connections,  and  pro- 
vide superior  oxygen  conservation  with 
an  average  5: 1  savings  over  continuous 
How.  For  more  information  from  Chad 
Therapeutics,  circle  number  190  on  the 
reader  senice  card  in  this  issue,  or  send 
your  request  electronically  via  "Advertis- 
ers Online"'  at  http://www.aarc.org/ 
buvers_guide/ 


Sleep  .Apnea  Therapy  I)i'\ice  W'ein- 
mann  of  Hamburg  has  miroduced  Soinno- 
comfort.  a  new  nC'P.AP  sleep  apnea  thera- 
py device.  According  to  the  manufactur- 
er, the  new  device  features  an  outstanding 
noise  suppression  system  and  absolutely 
sure  pressure  constancy  for  the  settings 
determined  in  the  sleep  lab.  Somnocoin- 
fort  is  equipped  w  ith  an  autostart  activat- 
ed by  the  patient" s  light  breathing,  an  in- 
tegrated therapy  calendar,  a  double  filter 
svstem  (tine  and  coarse),  and  an  actual 
pressure  display,  says  Weinmann.  If  re- 
quired, claims  the  manufacturer,  the 
newly  developed  heated  humidifier  Sotn- 
noclick  can  be  attached  to  the  Ironi  of  the 
device  w ithout  extra  hoses  or  power  ca- 
bles. For  more  information  from  Wein- 
mann. circle  number  191  on  the  reader 
serv  ice  card  in  this  issue,  or  send  your  re- 
quest electronically  via  ""Advertisers  On- 
line"" at  http://www.aarc.org/buyers_ 
auide/ 
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Notices 


Notices  ol  compL'lilums.  schtilarNhips.  tcllowships,  cxaminalion  dylcs.  new  cducalionul  programs. 

anii  the  like  will  he  listed  here  tree  ot  charge.  Items  for  the  Notices  section  must  reach  the  Journal  60  days 

before  the  desired  month  of  puhlication  (January  1  tor  the  March  issue.  February  I  for  the  April  issue,  etc).  Include  all 

pertinent  mformation  and  mail  notices  to  RESPIRATORY  CARE  Notices  Dept.  1  1030  Abies  Lane.  Dallas  TX  75229-4593. 


Helpful  LDeb.Sites 


T^t^uKii^  2002 

Withholding  and  Withdrawing  Life  Support  in 
the  ICT:  —  Ciiirdon  D  Rubcntcid  MD  /  Richard  D 
Branson  BA  RRT  FAARC  —  Live  February  12; 
Audio  March  5 

Weaning  from  Mechanical  \entiIation:  New 
Insights,  New  Guidelines  —  Neil  R  Maclntyre 
MD  FAARC/  Dean  R  Hess  PhD  RRT  FAARC  — 
Live  April  16;  Audio  May  14 

Neonatal  and  Pediatric  Ventilators;  What's  the 
Difference?  —  Mark  J  Heuiitt  MD  FAAP  FCCP/ 
Richard  D  Branson  B A  RRT  FAARC  —  Live  May 
21;  Audio  June  2? 

Ventilator  Graphs:  What's  with  That  Wave?  — 

Jon  O  Nilsestuen  PhD  RRT  FAARC/  Richard  D 
Branson  BA  RRT  FAARC  —Live  July  16;  Audio 
August  13 

Talking  with  Patients  and  Families  About 
Death  and  Dying—  Helen  M  Sorensen  MA  RRT/ 
Da\  id  J  Pierson  MD  FAARC  —Live  August  2U; 
Audio  September  17 

Pressure  vs:  Volume  \entiIation:  Does  It 
Matter?  —  Rohcrl  S  Campbell  RRl'  FAARC/ 
Richard  D  Branson  BA  RRT  FAARC  —  Live 
September  10/  Audio  October  8 

Inpatient  Management  of  COPI)  —  Randall 

Rosenblatt  MD/  David  J  Pierson  MD  FAARC  — 

I.i\e  October  22;  Audio  No\ember  I  2 

High-Frequency  Oscillatory  Ventilation  — 

Thomas  E  Stewart  MD/  Richard  D  Branson  BA 
RRT  FAARC  —  Live  No\  ember  19;  Audio 
December  10 


American  Association  for  Respiratory  Care 

http;//\vw\v.aart.org 

—  Currtnt  job  listings 

—  American  Respiratory  Care  Foundation 
fellowships,  grants,  &  awards 

—  Clinical  Practice  Guidelines 

National  Board  for  Respiratory  Care 

http://www.nbrc.org 

RESPIRATORY  CARE  online 

http://www.rcjournal.com 

—  Subject  and  Author  Indexes 

—  Contact  the  editorial  staff 

—  Open  FcORUM;  submit  your  abstract  online 

Asthma  Management 
Model  System 

http://w\',w.  nhlbi.iiih.gov 

Keys  to  Professional  Excellence 

http://www.aarc.org/ke\'s/ 

Committee  on  Accreditation  for  Respiratory  Care 

http://www.coarc.com 
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Calendar 
of  Events 


Date 


AARC  &  State  Society  Programs 


Contact 


Dec. 1-4 


47th  International  Respiratory  Congress; 
San  Antonio,  TX 


AARC,  (972)  243-2272,  www.aarc.org 


Feb.  6-8,  2002  West  Virginia  Society  for  Respiratory  Care's  Jay  Wildt  at  (304)  442-7474  or 

Winter  Meeting;  Davis,  WV  iay.wildt@mghwv.org;  or  Anna  Parkman  at 

(304)  357-4837  or  AParkman@ucwv.edu. 


Feb.  6-8,  2002  Oregon  Society's  Pacific  Northwest 

RC  Conference;  Portland,  OR 


Tim  Mixdorf  at  (503)  537-1 570  or 
tmixdorf@providence.org 


Date 


Other  Meetings 


Contact 


Nov.  -  Feb.  Deep  South  Center  for  Occupational  Health  Melinda  Sledge.  University  of  Alabama  at 

and  Safety  offers  an  assortment  of  RC  Birmingham,  (205)  934-71 78, 

continuing  education  courses  lasting  from  www.uab.edu/dsc 
one  to  four  days;  Birmingham,  AL 


March  12-13,  2002    Practical  Spirometry  Course;  Rochester,  MN         Mayo  Pulmonary  Services,Mayo  Clinic, 

(800)533-1653 


March  20-23,  2002  21st  Annual  Big  Sky  Pulmonary  &  Cntical  Care       American  Lung  Association  of  the  Northern 
Medicine  Conference;  Big  Sky,  MT  Rockies,  (406)  442-6556.  ala-nr@ala-nr.org 


Coming  in  2002 

Two  Special  Issues  on 

Invasive  Mechanical  Ventilation  in  Adults: 

Implementation,  Management,  Weanmg,  &:  Follow-Up 

29th  Respiratory  Care  Journal  Conference 
Papers  and  Discussions 

Conference  Co-Chairs: 
Richard  D  Branson  RRT  FAARC 
Charles  G  Durbm  ]y  Ml)  FAARC 


Respiratory  Carl  •  December  2001  Vol4(iN()  12 


1495 


Authors 

in  This  Issue 


Barrv.  Henrv  C 1450 

Ba//'ell.  C  Mark   1 454 

Caiiiari;u,  Carlos  A 1380 

Cook,  boboiah  J 1408 

DLirhin  Jr.  Charles  G 1392 

lidmonds.  Marcia  L    1380 

Fk-moiis.  W  Ward    1418 

Ciuvatt.  Gordon  H 1408 

Hcitman.  Sicvlmi  J 1418 

Herridge.  Marsaret  S    1 368 


Littlewood.  Keith   1392 

Meade.  Maureen  O 1368.  1408 

Nelson.  .Steven  B    1453,  1456 

Roue.  Brian  II    1380 

Rubenleld.  Gordon  1) 1442 

•Slonim.  .Anthons  D 1451 

.Spooner.  Carol  H    1 380 

Tnomas,  Patrieia  A 1452 

Tonelli.  Mark  R    1435,  1453 


Advertisers 
in  This  Issue 


ToadMTlisc  i[i  lilsi'iK  \  ^()K^  CxKl.  i-oriLKi  I'ini  <;()ldsbiir>.  l>iriTt()r,  AdvtTtising  .Sales,  t'-niail;  ;;nl(isl>un  f"  aartMirj;  for  rati-s 
and  niL-dia  irirnniialion.  C  niitact  Kari-ii  Canilt-t.  AdxiTlisin;;  Rt-pivsi-iitatiM-.  I'-niail:  canik-K."  aarc.nr^.  tor  rfiTuiliiit'iiiyilavsirial 
advertising;.  Sal^■^  ollict-:  .'SO  liijutsla  l)ri>e,  rcqui~.ta.  H  ^Mh').  1  iliphnne:  (561 1  745-67W.  Kax:  (.^fil  i  745-67'>5. 


Send  prudui'lioii  niatcrlials  tur  \  VK< '  imhliealrnns  to  ltirikle\  *"  aarc.nry  nr  WRC  110.^(1  \ttles 
ISelh  liinklet 


aiie.  Dallas  I  \  752:')-l5'».<  c/o 


Circle  #         Company 


Page  # 


Phone 


Fax 


E-mail/Wtbsite 


120 

ABW 

\}>\ 

(888)460-8733 

128 

Clear  Medical 

\}Mi 

(801))  426- 1042 

129 

Compumedics 

C?> 

(877)717-3975 

(763)717-3973 

119 

Dey 

C2.  1329. 

1330    (800)755-5560 

102 

DHD  Healthcare 

C4 

(800)847-8000 

130 

Ferraris  .Medical  Inc 

1361 

(800)205-7187 

159 

Hans  Rudolph 

1359 

(800)  456-6695 

115 

Hcailland  Health 

1483 

(800)443-1143 

110 

Hv-Tape 

1363 

(800)248-0101 

(845)878-4104 

114 

Masimt) 

1332 

(877)4-MASIMO 

117 

Moiiatihan  Medical 

1341 

(800) 833-9653 

116 

Monaahan  Medical 

1345 

(800) 833-9653 

108 

Nellcor/Purilan  Bennell 

1353 

111 

Praxair 

13,^4 

(800)299-7977 

109 

Puritan  Bennett/Tsco  Healthc 

are   1339 

(800)635-5267 

112 

ResMed 

1 336 

(800)424-0739 

103 

Respironics  llealtliscan 

1343 

(800)962-1266 

106 

Salter  Labs 

1347 

(800)235-4203 

105 

Spectrum  Health 

I4S2 

(619)238-3609 

(619)238-3551 

113 

Tech  Net  Medical.  LLC 

1357 

(800)461-1815 

(888)782-3358 

104 

Texas  Health  Resources 

1355 

(866)  JOBS  THR 

(866)889-8978 

118 

Vortran  Medical 

1 349 

(916)948-8460 

(916)648-9751 

abw(n  lbcc.com 

wwvv.elearmedieal.com 

WW  V,  .conipumedicsusa.com 

WW  w.devinc.com 

www.dhd.com 

www  .terra rismedicalusa.com 

www.rudolphkc.com 

Jean. Rush  (aimail.Heanland-Health.com 

www.hytape.com 

www.niasimo.com 

www.monaghanmed.com 

www.nionaghanmed.com 

w  WW  .praxair.com/healthcare 

www.resmed.com 

www.respironies.com 

www.salterlabs.com 

jhornaday^^speclru  nihealth.com 

www.lecliiietiiiedical.com 

www  TexasHealth.org 

w  WW. \  ortran.com 


C()l'M<l(,llt  IMOKMA  HON.  Kl;SFlR.VK)R>  CARL  is  copsrighlcd  b\ 
Daedalus  Enterprises  Inc.  Reprnduction  ill  whole  or  in  part  without  the  express 
written  permission  ol  Daedalus  Enterprises  Inc  is  prohibited.  Permission  to 
photocopy  a  single  article  in  this  Journal  for  noncommercial  purposes  of 
scientific  or  educational  advancement  is  granted.  Permission  tor  multiple 
photocopies  and  copies  lor  coniniercial  purposes  must  be  requested  in  v\  ril- 
ing, via  e-mail  (rejournaKs  aare.org  i.  or  telephone  and  approved  b>  RIESPI- 
RATORY  C.ARr;.  Anyone  may.  withoul  permission.  i|uoie  up  to  .sOO  w  ords  ol' 
material  in  this  journal  pro\  ided  the  i|Uolation  is  for  nonconinicreial  use  and 
Respiratory  C.ARIZ  is  credited.  Longer  quotation  requires  written  ap- 
proval by  the  author  and  publisher.  Single  reprints  are  a\  ailable  only  from  the 
authors.  Reprints  lor  eomniereial  use  may  be  purchased  from  Daedalus  En- 
terprises Inc.  For  more  information  and  prices  call  (972)  243-2272. 

DISCLAI-MER.  The  opinions  expressed  in  any  article  or  editorial  arc  those 
of  the  author  and  do  not  necessarily  relleel  the  views  of  (he  Editors,  the 
American  Association  for  Respiratory  Care  (.^ARC).  or  Daedalus  Enter- 
prises Inc.  Neither  are  the  Editors,  the  A.ARC.  or  the  Publisher  responsible 
for  the  consequences  of  the  clinical  applications  or  use  of  any  methods  or  de- 
vices described  in  any  article  or  advertisement. 

Sl!BSCRII"TI()N  Rates,  individual  subscription  rates  are  S75  per  year 
(12  issues).  SI 45  for  2  years,  and  S2I5  for  3  years  in  the  US  and  Puerto 
Rico.  Rates  are  S90  per  year.  S 1 75  for  2  years,  and  S260  for  3  years  in  all  other 


countries  (add  S94  per  vear  lor  .in  iiiaili.  Single  copies  when  available  cost 
$10:  add  $9  for  air  mail  postage  to  overseas  countries.  Checks  should  be 
made  payable  to  RtiSIMRA  I'ORY  Care  and  sent  to  the  subscription  olTiee  at 
1 1030  Abies  Lane,  Dallas  TX  75229-4593.  or  call  (972)  243-2272. 

Si  BSCRIPTION  R.VTE.S  FOR  .-V-SSOCTATIONS.  Basic  annual  subscrip- 
tions are  offered  to  members  of  associations  according  to  their  member- 
ship enrollnieni:  101-500  members  =  S16.25/year  (each);  .s0l-l.5(X)  = 
S 1 5.75/year  (each):  1 .500- 1 0,(K)0  =  S  14.75/year  (each):  more  than  10,000  = 
$l3.75/year  (each).  For  information,  contact  Ray  Masferrer  at  (972)  243- 
2272 

CIIAM.E  Ol-  Al)l)Rl..s.S.  Notilv  the  .A.ARC  at  (972)  243-2272  as  sixin  as  pos- 
sible of  anv  change  in  address.  Note  the  subscription  number  I  from  the  mailing 
label!  and  your  name,  old  address,  and  nevs  address.  Allow  6  vseeks  l<ir  the 
change.  To  avoid  ch;irges  for  replacemeni  copies  of  missed  issues,  requests 
iiiusl  be  made  w  ithin  60  i.la\  s  in  the  L'S  and  'X)  dav  s  in  other  countries. 

MANt'SCRIPT.S.  The  Journal  publishes  clinical  studies,  method/device 
evaluations,  reviews,  and  other  materials  related  locardiopulmonarv  med- 
icine and  research.  Manuscnpts  niav  be  subnimed  to  the  Editorial  Office.  Rl-.S- 
PIRATORY  Care.  6(X)  Ninth  Avenue.  Suite  702.  Seattle  WA  98104.  In- 
striiclions  for  .lulhors  arc  printed  in  everv  issue. 


1496 


Ri  si'iK AioR^  Carl  •  December  :ooi  vol  46  No  12 


PmATdRY  CARi 

Subscription  Form 

U^  SutMcriptiora   SutMcripllocu  Outiide  U.S. 
75     >  43*90 


1  YR 
(I2bsu«) 


2YRS 

(24luu«) 


3VRS 


Ri^piMioity  CMtt  IS  the  most  highly 
regarded  peer-reviewed  scientific 
publication  for  the  Clinician 
participating  in  the  evaluation 
and  care  of  patients  with 
cardiopulmonary  problems. 
Please  print;  incomplete  forms 
will  not  be  processed.  For  faster 
service,  fax  to  (972)484^2720 

Enclosed  Is  a  check 
in  the  amount  of 
J 

Oiar^c  to  ni)r: 

Lj  Mastercard 

a  Visa 

a  Bill  Me  .    ,    , 


t 


fier 


nt. 
:e. 


Signature 


Expiration  Date 


Credit  Card  Number 


Fadli^Name 


Gty 


Telephone 


Zip  Code  Courttiy 

RE/PIRATORy  C&RE 


em 
Dry. 


Receive  FREE  information  on  the 
products  and  services  mentioned  in  this 
issue,  by  circling  the  corresponding 
advertiser's  numt>er  Fill  in  your  name 
and  address  and  mail  this  postage-paid 
card.  Information  will  be  sent  directly  to 
you  from  the  manufacturer  Incomplete 
forms  will  not  be  processed. 


Information 

(«  fcw«4io"  Cui  iubi<r^»bon  tnrtymjtwn 

o«te  102 

■fSnoi  103  104  105 

10« 

107   108   109   110    111     112 

113 

114 

115 

116  IW'-W 

119     I?0    l.'l     122    123 

124 

125    126    127    128    129    130 

131 

li2 

1  n 

134    MS    136 

■R138  IW   140    141 

142 

143   144    145   146   147    148 

149 

150 

151 

152  153  M* 

155    1S6    IS/    158    159 

160 

161     162    163    164    165    166 

16/ 

168 

169 

l/Ct    171     1'2 

WtBf4  175  176  177 

178 

179  ISO  181    182  183   184 

185 

186 

187 

188   189  190 

191     192    193    194    195 

196 

197    198    199    200 

PtoaM  ttott*  no  »no#»  tlwn  IS  «»ini 

Name 

rme 

FKigtyf4Mne 

****" 

City                                  SKtf 

zip  Code 

Coun 

rv 

k 


THephooe 

Deccmtwr  20()  I     Expires  V 1 5/02 


I    TYPE  Of  INSTTTUT^N      W 
OR  PRACTICE  ^ 

1  I     Hospital 

2  □  Skilled  Nursing 

Facility 

3  U  Subacute  Care  Facility 

4  G  Home  Care  Practice 

5  D  School 

6  D  Dislnbutor 

H  OEFARTMEm 
A  D  Respiratory  Care 
B  G  Cardiopulmonary 
C  D  Subacute  Care 
D  D  Home  Care 

■It  SPtCIALTY 

t    LJ  Clinician 

2  ;.7t  Perinatal/  Pediatncs 

3  LI  Cnttcal  Care 

4  n  Research 

5  D  Subacute  Care 


.]  Diagnostics/ 

Pulmonary  Function 
11  Management 
n  Home  Care 
11  Rehabilitation 


10  a  Education 

IV    PosmoN 

A  G  Department  Head 

B  n  Chtef  Therapist 

C  n  Supervisor 

D  D  Staff  Therapist/ 

Technician 

E  G  Medical  Director 

F  G  Educalor/lnstnjctor 

C  G  Sales 

H  a  Other  (please  specify) 


RE/PIRATORy  CARE 


V  ARE  YCKJ  AN  AARC 
MEMBtR? 
1    C  Yes    2    D   No 


Authors 

in  This  Issue 

Barrv,  Henry  C 1450 

Ba//cll.  C  Mark 1454 

Camariio.  Carlos  A 1 380 

Cook,  bcborah  J 1408 

Durbin  Jr.  Charles  G 1392 

Edmonds.  Marcia  L 1380 

Flcnums.  W  Ward    1418 

Giivatl.  Cordon  H 1408 

Hciiman.  Steven  J 1418 

Herridge,  Margaret  S 1368 


Littlewood.  Keith   1 392 

Meade.  Maureen  O 1368.  1408 

Nelson.  Steven  B    1455.  1456 

Rowe.  Brian  H   1380 

Ruhenleld.  Gordon  I) 1442 

Slonim,  Anthonv  D 1451 

Snooner.  Carol  H    1380 

Thomas.  Patrieia  A 1452 

Tonelli,  Mark  R    1435.  1453 


Adveiti: 
in  This  Is 


Circle  # 

Compan; 

120 

ABW 

128 

Clear  Me 

129 

Compum 

119 

Dey 

102 

DHD  He; 

130 

Ferraris  > 

159 

Hans  Ru( 

115 

Heurtlanc 

110 

Hy-Tape 

114 

Masimo 

117 

Moiiaglia 

116 

Monagha 

108 

Nellcor/F 

HI 

Praxair 

109 

Puritan  B 

112 

ResMed 

103 

Respiron 

106 

Sailer  La 

105 

Spectrurr 

113 

Tech  Net 

104 

Texas  He 

118 

Vortran  P 

C()1'\K1(.II1   INKORM 

Daedalus  Enterprises  Ine 
written  permission  olD 
ptiDlocopy  a  single  artii 
scientifie  or  ediiealiona 
photoeopies  and  copies 
ing.  via  e-mail  (rejcuirn; 
RATORYCARti.  An\on. 
material  in  this  journal  p 
RrSPIRATORY  CAKli 
prov  al  hy  the  author  and 
authors.  Reprints  lor  coi 
terprises  Ine.  For  more  i 

DISCLAIMKR.  Theopi 

of  the  author  and  do  ni 
American  Association 
prises  Inc.  Neither  are  tl 
for  the  consequences  of 
vices  descriljcd  in  any  a 

Si'B.SLRii'TioN  Rati 

(12  issues).  $145  for  2 
Rico.  Rates  are  $90  per  y 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO.  2480  Dallas.TX 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 

AARC  Subscriptions 

ATTN:  Beth  Binkley 
PO  BOX  29686 
Dallas  TX  75229-9691 


II, ..1. 1. 1. ..I. I. .1.11. 1. .1.1. nil. .1.1 nil... I 


BUSINESS  REPLY  MAIL 

FIRST-CLASS  MAIL  PERMIT  NO.  881  Riverton,  NJ 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


AARC  Publications 

PO  BOX  11605 
Riverton  NJ  08076-7205 


1496 


l,..i..l.ll...l...l.ll..l...l..l.lll....l.l..l.l.l 


i 


06ri6S"PSG  Advanced,  Network-Linked  Amplifier 


In  life,  being  well  connected  can  be  quite  important. 
In  a  sleep  lab,  it  makes  all  the  difference. 

Compumedics'  new  *^ -Series  amplifier  captures  the  power  of  modern 
computer  networking  and  brings  it  directly  to  your  sleep  laboratory. 

^-Series  Integrated  Networking  Functions 

•  Simple  set  up  with  standard  CAT  5  network  cable 

•  Control  or  view  any  e-Series 
from  any  computer  on  the  network 

•  Stream  waveforms  and  video  in  real-time 

•  Access  e-Series  units  across  wide  oreo  networks 

•  Record  directly  to  any  computer  on  the  LAN  or  WAN 

•  Record  from  up  to  4  e-Series  amplifiers  on  u  single 
computer  (2  per  computer  with  digital  video) 

Powerful  •^-Series  Clinical  Advantages 

•  44  amplified  channels 

•  57  Total  available  signals 

•  Up  to  512Hz  sampling,  channel  selectable 

•  Integrated  Oximeter  and  2  Pressure  Transducers 

•  Record  any  montage  without  compromises 

•  Sophisticated  digital  video  option 

•  Use  the  same  amplifier  for  full  32  channel 
EEG  with  optional  ProFUSION  EEC  software 


Your  System  is  Your  Network. 
We   can   show   you   why 


For         more         informotion         please         contact: 

Compuraedi(s  Australia:  1  Morine  Pde,  Abbolsforii,  VIC,  3067,  Auslrolio,  Phone:  +613  9419  5433,  fox:  +613  9419  5488,  Web:  www.tompiimedits.com.oij 

ComDumedi(s  USA,  Inc  7950  Universily  Avenoe  NE  Fridley,  Minnesolo  55432,  Phone:  1 763  717  3975,  fox:  1 763  717  3973,  Toll  free  USA:  877  717  3975,  Web:  www.wmpomedicsuso.com 
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DHD 

Healthcare 

hmovatitms  for  n-spiratory  care 

One  MadiionSlitcl-Wampsvillc.  NY  13163  USA 
(8001 847.X0OO   (315)36.1-2330   FAX:  (315)  363-5694 
www,dhd,coni 
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Design 
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It  works  in  virtually  any  position,  with  virtually  any  patient 

Vibratory  PiP  Therapy 

•  Improves  clearance  of  secretions. 

•  Easier  to  tolerate  than  CPT. 

•  Less  than  half  the  time  of  conventional  CPT  session*. 

•  Facilitates  opening  of  airways  in  patients  with  lung  diseases 
with  secretory  problems  (COPD.  asthma,  Cystic  Fibrosis). 

Tired  of  confining  patients  to  an  uncomfortable,  upright  position  for  \  ibratory  PEP?  With 
new  acapella.  you  don't  ha\e  to  take  that  sitting  downl  Its  unique  design  permits  use  while 
standing,  reclining  or  walking.  So  now  everyone  from  active  pediatrics,  to  bedridden  patients, 
can  benefit  from  secretion  clearance  therapy.  Color-coded  units  igreen  for  high-tlw.  blue  for  low) 
help  you  customize  treatment  based  on  clinical  needs.  You  can  adjust  acapella's  frequency 
and  flow  resistance  simply  by  turning  an  adjustment  dial.  ,\nd  because  therapy  can  be  self- 
administered  in  any  setting,  you'll  provide  an  effective  continuum  of  care  outside  the  hospital. 
F'or  the  new  generation  of  \  ibratorv  PEP  therapy  call  DHD  Healthcare  toll-free  today: 
l-S0(l-847-8()()().  acapella.  Ao  iiislnimeiital  accompaniment  required. 
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